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Določanje stopnje metilacije DNA kandidatnih genov in količine cfDNA pri bolnikih 
z depresijo  
Povzetek 
Depresija je klinično precej heterogena duševna motnja, ki vpliva tako na duševno kot 
telesno zdravje. Zdravi se lahko s farmakološkimi, biološkimi ali psihoterapevtskimi 
pristopi. Če bolnik ne doseže ustreznega odziva na zdravljenje z vsaj dvema 
antidepresivoma, lahko rečemo, da je pri njem prisotna na zdravljenje rezistentna 
depresija (angl. treatment resistant depression, TRD). Obstajajo različne strategije 
zdravljenja TRD, ena izmed alternativ je na primer repetitivna transkranialna magnetna 
stimulacija (rTMS).  
Študije na družinah, dvojčkih in posvojencih so pokazale na možno vlogo genetskih 
dejavnikov pri depresiji. Geni, ki kodirajo možganski nevrotrofni dejavnik (angl. brain-
derived neurotrophic factor, BDNF), katehol-O-metiltransferazo (angl. catechol-O-
methyltransferase, СОМТ) ter serotoninski prenašalec (angl. solute carrier family  6 
member 4, SLC6A4) so geni, ki so zelo zanimivi za raziskave zaradi njihove povezanosti 
z različnimi duševnimi motnjami. Nekatere študije kažejo povezavo med znižanim 
izražanjem genov BDNF ter 5-HTT in depresijo. Metilacija DNA je epigenetska 
sprememba, ki vpliva na izražanje genov. Hipermetilacija DNA je povezana z genskim 
utišanjem in je bila v središču pozornosti raziskav epigenetskih sprememb, kjer je bila 
ugotovljena možna povezanost z različnimi boleznimi, tudi z depresijo. Povezave med 
metilacijo COMT in psihiatričnimi motnjami niso zanesljive, medtem ko je bila povezava 
med metilacijo genov BDNF ter SLC6A4 in depresijo že večkrat podprta. Vseeno so si 
rezultati pogosto nasprotujoči. 
Prosta cirkulirajoča DNA (angl. cell-free DNA, cfDNA) je prisotna v različnih telesnih  
tekočinah. Višje ravni cfDNA so pogosto povezane z različnimi boleznimi, na primer z 
rakom, kjer je cfDNA  uporabna kot klinični biomarker za različne tumorje. Analiza ravni 
cfDNA v  telesnih tekočinah pri osebah z depresijo še ni bila opravljena.  
Eksperimentalni del magistrske naloge je bil sestavljen iz dveh delov: priprava knjižnice 
oz. amplikonov za izbrane CpG-otoke treh kandidatnih genov, BDNF, COMT in SLC6A4, 
ter izolacija in kvantifikacija cfDNA. V raziskavo smo vključili šest bolnikov s TRD, ki 
so bili vključeni v zdravljenje z rTMS in kontrolno skupino, ki je predstavljala dvajset 
bolnikov z depresivno motnjo. Bolniki, vključeni v raziskavo, so bili stari med 18 in 70 
let, moški in ženske. Bolniki so bili razdeljeni v dve skupini. V prvo skupino so bile 
vključene osebe med 31 in 63 let (2 moška in 4 ženske) s potrjeno diagnozo TRD. V drugi 
 
 
skupini je bilo 20 bolnikov, starih med 37 in 67 let (7 moških in 13 žensk) z 
diagnosticirano depresijo. Pri prvi skupini je bilo izvedeno rTMS-zdravljenje. Venska kri 
je bila odvzeta prvi skupini pred in po rTMS-zdravljenju, ter enkrat v drugi skupini, ki se 
ni zdravila. Iz venske krvi smo najprej izolirali genomsko DNA in jo obdelali z natrijevim 
bisulfitom, čemer je sledila verižna reakcija s polimerazo (angl. polymerase chain 
reaction, PCR). Opravljena je bila optimizacija za 15 različnih amplikonov. Z 
optimizacijo smo določili temperaturo prileganja za vsak par začetnih oligonukleotidov 
vključenih v poskus. Po optimizaciji smo vsak amplikon pomnožili na vseh vzorcih in 
uspešnost pomnoževanja potrdili z elektroforezo na agaroznem gelu. Nato smo vsak 
amplikon očistili po protokolu, ki je vključeval uporabo paramagnetnih kroglic. S 
fluorescenčno metodo smo določili koncentracijo produktov PCR in nato vseh 15 
amplikonov za vsakega bolnika ekvimolarno združili v eno mikrocentrifugirko. Nato je 
sledila druga reakcija PCR, s katero smo vse amplikone posameznega bolnika označili z 
unikatnimi indeksi, ki so omogočili ločevanje med bolniki pri analizi rezultatov 
sekvenciranja. Uspešnost drugega kroga PCR smo preverili z elektroforezo na agaroznem 
gelu. Sledilo je čiščenje indeksiranih amplikonov, ekvimolarno združevanje vseh 
amplikonov v skupno knjižnico in sekvenciranje naslednje generacije (angl. next 
generation sequencing, NGS), ki nam je omogočilo določanje stopnje metilacije vseh 
ampikonov. Bioinformatska in statistična obdelava rezultatov je bila opravljena s 
programi FastQC, TrimGalore, Bismark in R (methylKit, annotatr). Tako so bile 
opravljene tri primerjave metilacije: primerjava metilacije med kontrolno skupino in 
skupino bolnikov, ki so ji diagnosticirali TRD, pred zdravljenjem z rTMS; med kontrolno 
skupino in skupino bolnikov, ki so ji diagnosticirali TRD, po zdravljenju z rTMS; 
primerjava  metilacije pri bolnikih z diagnozo TRD, pred in po zdravljenju z rTMS. Z 
uporabo tehnologije NGS smo v izbranih CpG-otokih določili število metiliranih in 
nemetiliranih citozinov in s tem stopnjo metilacije, pri čemer smo za mejo statistične 
značilnosti postavili vrednost q<0,05. Rezultati vseh treh primerjav niso pokazali 
statistično pomembnih razlik v stopnji povprečne metilacije amplikonov med 
primerjanimi skupinami.  
Uspešnost izolacije cfDNA smo potrdili na bioanalizatorju, ki deluje na osnovi kapilarne 
elektroforeze. Opazili smo fragmente DNA, dolge približno 200 baznih parov, in tako  
smo lahko izključili možnost izolacije genomske DNA. Kvantifikacija cfDNA je bila 
izvedena z uporabo kapljičnega digitalnega  PCR (angl. digital droplet PCR, ddPCR), ki 
omogoča natančno kvantifikacijo majhnih količin DNA. Za analizo smo uporabili 
Studentov t-test,  ki nam je omogočil primerjavo količine cfDNA pri bolnikih z diagnozo 
TRD pred in po zdravljenju z rTMS. Tako je bila potrjena ničelna hipoteza, da se 
 
 
povprečna koncentracija cfDNA pri bolnikih, ki so bili zdravljeni z rTMS, pred in po 
zdravljenju ni statistično pomembno razlikovala.  
Na podlagi pridobljenih rezultatov lahko pridemo do različnih zaključkov. Lahko rTMS-
zdravljenje ni bilo uspešno za TRD, ali pa preiskovane skupine niso dovolj natančno 
opredeljene in dovolj velike, saj smo želeli opraviti le eksploratorno študijo. Čeprav naši 
rezultati metilacije za BDNF, SLC6A4 in COMT nasprotujejo nekaterim ugotovitvam v 
strokovni literaturi, je to lahko posledica različnih analiznih metod ali razlik v kohorti, pa 
tudi števila preiskovancev, vključenih v raziskavo. Poleg tega ima razlika v starosti in 
spolu bolnikov lahko pomemben vpliv. Bolniki, ki so bili vključeni v raziskavo, so 
bolniki, ki jim je bila diagnosticirana TRD, brez unipolarne depresije in brez psihotičnih 
simptomov, brez drugih vrst psihoz ter so bili rezistentni na zdravljenje z antidepresivi. 
Tako hipoteze, da sta raven metilacije treh kandidatnih genov in koncentracija cfDNA v 
plazmi pri bolnikih z diagnozo TRD spremenjena pred in po zdravljenju s rTMS, nismo 
uspeli potrditi. V prihodnosti bi morali izvesti študijo z večjim številom bolnikov, ki bi 
morda dodale nov pogled na naše preliminarne rezultate. 





DNA methylation of candidate genes and quantification of cfDNA in patients with 
depression  
Abstract  
Depression is a common and heterogeneous mental disorder. When a patient, diagnosed 
with depression, does not achieve an adequate response to treatment with at least two 
antidepressants, it is considered that patient has developed a treatment-resistant 
depression (TRD). As an alternative treatment for TRD, repetitive transcranial magnetic 
stimulation (rTMS) has been proposed. Family, twin and adoption studies have 
emphasized the role of genetic factors in depression. Genes coding for brain-derived 
neurotrophic factor (BDNF), catechol-O-methyltransferase (COMT), and solute carrier 
family 6 member 4 (SLC6A4) are of high interest for research regarding their association 
with different mental disorders. DNA hypermethylation is associated with gene silencing 
and it has been in the focus of epigenetics research, where it has been shown that 
epigenetic changes could play an important role in the development of different diseases 
including depression. cell-free DNA (cfDNA) in different body fluids has also been 
determined. Higher levels of cfDNA are often correlated with physiological and physical 
stress situations, cancer, and different mental disorders, such as schizophrenia. The 
experimental part of this master thesis consists of two parts: determination of the 
methylation of the candidate genes using the technology of next generation sequencing 
(NGS) and quantification of plasma cfDNA. Blood samples were taken of patients 
diagnosed with TRD who did undergo rTMS, before and after the treatment, and from a 
control group of patients with depression. We performed DNA isolation and bisulfite 
conversion on the isolated DNA. Polymerase chain reaction (PCR) was used for 
amplification of distinct CpG island parts of the genes of interest. Using the NGS 
technology and the statistical tools FastQC, TrimGalore, Bismark and R (methylKit 
annotatr) we have analysed the average amplicon methylation and the number of 
methylated cytosines in the assayed BDNF, COMT, and SLC6A4 CpG islands. In the 
analysis we compared three groups: TRD patients before the rTMS treatment, patients 
who underwent the rTMS treatment and the control group. Also, we performed cfDNA 
isolation in order to determine its concentration before and after rTMS treatment. The 
concentration was determined with droplet digital PCR. The results have shown that there 
is no significant difference in the methylation level of the candidate genes, nor in the 
cfDNA level. The samples did not differ considerably. It is difficult to derive a definitive 
conclusion since the number of samples was rather small as this was an exploratory study. 
There is a need for larger and well-defined cohorts in order to dissect the results further. 
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Depression is a heterogeneous and often chronic mental disorder [1], with a variable 
response to the treatment. As such, it has no common and well understood 
pathophysiological mechanism [2]. It entails aberrations of affect and mood. It also 
affects the cognition, neurovegetative functions, and psychomotor activity [3]. Being 
depressed is a mental state characterized by persistent low mood, loss of attentiveness 
and pleasure in everyday activities, reduced energy, causing deviations of social and 
occupational dysfunction [4].  
Depression is a common disorder and is one of the leading causes of disease burden 
throughout the world with an increasing mortality [5]. According to the World Health 
Organization, depression is a leading cause of disability, globally affecting over 264 
million people [6]. Depression prevalence could be increasing as a consequence of the 
modernization, poor diet, inert lifestyle, the rising rates of chronic disease, competition 
and solitude as factors of the modern environment [7].   
Due to its complexity, depression has been classified by the Diagnostic and Statistical 
Manual of Mental Disorders (DSM-5) into additional and, to some extent, overlapping 
categories. The number of diagnostic categories of depressive disorders or problems that 
involve a sad or irritable affect is increasing [8].  
The classification of depression is fundamental for its correct treatment, and according to 
DSM-5, depression is divided into two basic categories [9]: 
- Bipolar depression, which includes the bipolar I depression, bipolar II 
depression and cyclothymic depression as subtypes [9]; 
- Unipolar depressive disorders includes the subtypes of major depressive 
episode and dysthymic disorder [9]. 
The symptoms of depression are the following [4]: 
- Depressed mood; 
- Lack of interest or pleasure in activities and ability to think, concentrate; 
- Weight loss/gain; 
- Decreased/Increased appetite; 
- Insomnia or hypersomnia; 
- Fatigue; 




- Psychomotor agitation; 
- Feeling of worthlessness; 
- Guilt; 
- Indecisiveness; 
- Suicidality [4]. 
Furthermore, by severity, depression is graded as mild, moderate, severe, and psychotic 
[9]. 
Diagnosis and treatment of depression is difficult for the medical practitioners, even 
though many individuals with depressive disorders seek help in primary care. With early 
detection, the effects of depression treatment can be drastically improved. The percentage 
of the affected individuals that receive treatment is less than 25% because of the lack of 
resources, qualified personnel or because patients are undiagnosed or misdiagnosed [10]. 
 
1.1.1 Treatment-resistant depression 
 
There is no generally accepted definition for treatment-resistant depression (TRD). TRD 
is considered as common clinical occurrence. The percentage of the patients who are not 
achieving remission and adequate response to the antidepressant therapy is 50 – 60%  
[11].   
TRD is recurrent and it most likely occurs simultaneously with other physical and mental 
disorders [12]. It has a high burden as a result of recurrences, increasing severity and 
cycle acceleration [13] and it has to be carefully evaluated because of the possibility of 
pseudoresistance [14]. The risk factors of TRD occurrence while diagnosing are [14]: 
- Making the difference between treatment resistance and pseudoresistance 
during a clinical assessment. This factor includes physicians, patients, and 
accuracy of diagnosis [14].  
 
o Physician factors are: prescribing an inadequate type or dose of 
antidepressant, not increasing the dosage levels of medication or too 
short treatment duration as major causes for pseudoresistance [14].  
 
o Patient factors include the discontinuing of the medication 
prematurely which contributes to pseudoresistance by preventing the 





o Accuracy of diagnosis relates to an inaccurate primary diagnosis given 
to patient, known as a misdiagnosis. This is a physician related factor 
[14]; 
 
- Treatment-resistant associated factors: Factors that increase or might increase 
the nonresponse to antidepressant treatment, such as comorbidity of other 
disorders. The systematical evaluation of patients is highly important because 
comorbid psychiatric disorders (such as anxiety disorders, substance abuse, 
and personality disorders) increase the probability of TRD. These disorders 
can be missed or treated sub-optimally. Other factors, like gender, family 
history, age of onset, the severity of illness and chronicity, have an important 
role in the evaluation of TRD [14] as well. 
 
Established therapies that deal with depression include pharmacological treatments 
(antidepressant drugs therapy that decreases the risk of relapse), and psychological 
treatments [15–19]. 
Pharmacological treatment offers different approaches for treating TRD, like a change in 
medication, or combination of medications, and augmentation strategies, or ketamine and 
similar agents as new alternative options [20]. 
Despite the efforts for developing treatment protocols for TRD, for example, the 
combination of augmentation strategies and repetitive transcranial magnetic stimulation 
(rTMS) [21], there is still little understanding and confusion in finding the best treatment 
approaches [22]. This has increased the necessity of controlled design studies for 
evaluation of effects of psychotherapy and psychological treatments for patients with 
inadequate response to the initial treatment [23]. 
In short-term TRD treatment studies, benefits from rTMS are clear [24–28], although 
additional systematic follow-up studies should be conducted if we are to consider rTMS 
as a monotherapy treatment for TRD [28]. 
 
1.1.2 Transcranial magnetic stimulation 
 
The evidence of dysfunctional left prefrontal cortex in depression [29] has prompted 
researchers to stimulate the superficial neurons of the cerebral cortex, by using rTMS to 




efficacy by using TMS in patients with major depression (MD), with no significant 
adverse events [31]. 
TMS is a non-invasive technique introduced in 1985 [32], developed as a therapeutic tool, 
and used for studies which include brain physiology or for clinical purposes. The 
delivering of a single pulse to the brain, is secure and harmless [33]. 
TMS creates a potent and brief magnetic field (around 2 T, lasting around 100 
microseconds). The magnetic field passes the skin, muscle and bone, enters up to several 
cm into the surface of the brain, where nerve cells are encountered and an electrical 
current flow is induced. The magnetic field is generated from electrical energy by 
positioning an electromagnetic coil onto the scalp. The magnetic field is converted into 
electrical energy in the brain, after passing through the skull [33].  
rTMS is one of the methods of focused brain stimulation and it has been researched as an 
alternative method for treating patients with TRD [30, 34, 35]. The type of stimulation 
determines the efficacy of rTMS. The brain cortex might be stimulated or inhibited by 
using rTMS. This may cause neuroplasticity and rearrangement of the involved brain 
networks which is hypothesised to counter the pathological changes caused by the brain 
disorder [36]. Different neuro-navigational methods have been developed in order to 
improve targeting of rTMS [37–41].  
rTMS may deliver a series of stimuli at “high-frequency” (≥ 5 Hz stimulation) or “low-
frequency” (≤ 1 Hz stimulation). In order to treat depression, rTMS includes stimulation 
of the left and/or the right dorsolateral prefrontal cortex (DLFPC) with a 5 – 20 Hz and/or 
1 Hz frequency, respectively. Better response on the rTMS therapy is usually correlated 
with the longer duration and the higher number of the treatment sessions. During each 
treatment session, a series of stimuli are given. In general, the treatment involves daily 
sessions. The daily sessions are approximately about 1 hour long (during which time the 
patients are awake) for 3 – 6 weeks. It is possible for rTMS to cause pain and headaches, 
but mostly it is well-tolerated by the patients [41]. The limits to stimulation parameters 
are suggested in safety guidelines [42]. With rTMS treatments, it is possible to accomplish 








1.2 Genetics and epigenetics of depression 
 
1.2.1 The genetics of depression 
 
The heritability of about 37% was suggested for MD in studies which compare its 
concordance rate between monozygotic and dizygotic twins [45]. There is a possibility 
for early-onset, severe, and recurrent depression to have a higher heritability when 
compared to other types of depression. Furthermore, there is an important role of genetic 
factors in the development of MD, as indicated by adoption studies [46]. 
Family studies have proven that MD is a disease with complex genetic features and not a 
disease caused by a single gene. Detecting the allele or genotype frequency and 
conducting a statistical comparison between groups of patients and controls, followed by 
a probability of a higher frequency for a certain genetic polymorphism in one of the 
groups, represents the basic principle of genetic association studies [47].  
Although identifying specific genetic factors associated with depression is extremely 
difficult because of the heterogeneity of the clinical phenotype [48], several candidate 
genes have shown promising preliminary results regarding their contribution to 
depression development. Among them are the serotonin transporter gene (SLC6A4) [49–
51], brain-derived neurotrophic factor (BDNF) gene [52, 53], and catechol-O-
methyltransferase (COMT) gene [54–56]. 
 
1.2.2 Epigenetics and depression 
 
Mechanisms of gene expression modifications that are not influenced by the genetic code 
alterations are studied by epigenetics. Epigenetic mechanisms operate alongside the DNA 
sequence to regulate gene expression. Epigenetics, among others, comprises the 
following epigenetic modifications: histone variants, posttranslational modifications of 
N-terminal tails of the histones, and covalent modification of DNA bases  [57]. 
The epigenome of an organism changes over time. Included in these variation processes 
are genotypical, hereditary, environmental, and stochastic factors. Even though the 
epigenetic marks are heritable, they are not stable during the lifespan. During the lifetime 
of an organism its epigenotype is affected by environmental factors. Thus, there is an 




Epigenetic changes contribute to the development of different diseases, including MD 
[59]. It is thought that epigenetic regulation is involved in the slow development of stable 
adaptations that mediate the delayed response to antidepressant treatment. Changes in 
histone modification and DNA methylation are discovered across the genome and at the 
promoters of genes that have been associated with depression, addiction, schizophrenia 
and cognitive dysfunction [60].  
During DNA methylation, the DNA methyltransferases add methyl group to the C-5 
position of cytosine. Methylation can be inherited through cell division. There is a 
relationship between methylation and gene expression [61]. The level of methylation and 
the expression of the genes are in reverse correlation [62]. DNA methylation is correlated 
with altered chromatin structure. CpG islands (DNA regions rich with CpG) are often 
found in gene promoters. Promotors in the repressed chromatin structure, where CpG 
islands are hypermethylated, are transcriptionally inactive, compared to the 
transcriptionally active promoters, where CpG islands are unmethylated [59]. For 
determining the methylation pattern, DNA bisulfite conversion is followed by cytosine 
(C) conversion into uracil (U) while 5-methylcytosines remain intact. This reveals 
information of the methylated areas of DNA. After bisulfite treatment, PCR-method is 
used to study the DNA methylation. In the PCR reactions, C will be recognized as T, 
since it will be converted into U, and the methylated C will be still recognized as C. For 
this purpose, PCR primers are specific methylation primer. This is how the Cs will differ 
from the methylated Cs during the amplification and sequencing [63].  
DNA methylation participates in the brain development and function [64]. Moreover, 
DNA methylation has different signatures across three brain regions: cortex, cerebellum, 
and pons [65].  There is a suggestion for a possible association of MDD with epigenetics. 
It has been derived from the frequent disease episodes – environmental factors linkage, 
the lower rate of concordance in monozygotic twins, and the age of onset of the individual 
(adolescent- and adult-onset) [66]. 
 
1.2.3 BDNF and its association with depression 
 
BDNF belongs to the neurotrophic factor family genes and is located on chromosome 11 
in the human genome [67]. It contains 11 exons and 9 promoters [68]. BDNF is important 
for neuronal survival, axonal growth, and synaptic plasticity [69]. Stress and cortisol are 
factors affecting the levels of BDNF [70, 71]. Even though it is possible to relate BDNF 
to multiple psychiatric disorders, decreased levels of BDNF in the hippocampus are found 




Studies associate BDNF with stress, hippocampal atrophy, and neurogenesis in 
depression [2]. Increased levels of BDNF are found in in vitro applications of 
antidepressant drugs which proves the correlation between BDNF and depression [52]. 
BDNF is involved in depression and its pathophysiology. Depression in general 
population was associated with increased DNA methylation on the BDNF gene [73]. 
Increased methylation of the CpG dinucleotides in the promotor region of BDNF gene 
results with a decreased synthesis of BDNF in the neurons [74]. Epigenetic modifications 
were found in the specific BDNF promoters in a mouse model of depression [75]. Various 
studies that correlate BDNF methylation with depression analyse different genomic 
regions, such as the DNA methylation at the BDNF exon I and VI promoter regions. Since 
BDNF level expression is decreased in depression, BDNF blood level was suggested as 
a possible biomarker for depression [76].  
BDNF was also taken into consideration as a pharmaceutical target for depression and 
other neuropsychiatric diseases. Each BDNF gene produces 17 primary transcripts in 
humans.  Each of them distinguishes different 5’-untranslated (UTR) exons which, 
through alternative splicing, are linked to a protein encoding exon and 3’-UTR that 
contains two polyadenylation sites.  This can result in 34 different transcripts in humans, 
which makes the pharmacological efforts to regulate BDNF levels even more complex 
[77]. 
 
1.2.4 COMT and its association with depression 
 
COMT is located on 22q11 human chromosome [78]. It is indicated that this region is 
associated with the etiology of several psychiatric disorders [79], in particular 
schizophrenia [80]. COMT is an enzyme catabolizing various catechols in the brain, 
including dopamine and norepinephrine [81]. A deficiency of norepinephrine and 
dopamine was demonstrated in the brain of patients with MD where an increased COMT 
activity has been reported. Although there are studies that associate COMT Val158Met 
polymorphism with depression [82], they appear to be contradictory as there is no 
convincing evidence for their direct association [83]. 
This contradiction in the genetic association of COMT Val158Met polymorphism and 
psychiatric disorders suggests their possible modulation by environmental factors. The 
epigenetic modifications of COMT were investigated in studies with patients diagnosed 
with schizophrenia. COMT encodes for two isoforms of the protein. It was shown that the 
soluble isoform (S-COMT, isoform which mRNA is promoted by promoter 1) has 
increased methylation of 5 consecutive CpG sites of the putative promotor [84], while for 




promoter 2) promoter methylation is decreased [85, 86]. A study that analysed the 
association of the combined genetic and epigenetic data with the involvement of gene-
environmental interaction has shown an association between MB-COMT over-expression 
and a hypomethylated promoter has been reported. In this study post mortem samples 
taken from the brains of patients with schizophrenia and bipolar disorder were used [85].  
However, there is a lack of data for the correlation between methylation of COMT and 
depression, and further discoveries and in the field is still to be done. 
 
1.2.5 SLC6A4 and its association with depression 
 
SLC6A4 encodes for 5-HTT, a transporter of 5-hydroxytryptamine (5-HT, serotonin) 
involved in the regulation of serotonergic signaling. 5-HT is a neurotransmitter 
participating in neuronal differentiation and growth regulation. SLC6A4 is located on the 
17q11.1-17q12 chromosome and its deficiency is linked to depression [87]. Although the 
44 bp insertion/deletion in the promotor region of SLC6A4 is the most frequently studied 
variation of this gene linked to MDD [88], many studies have shown interconnection 
between the methylation of SLC6A4 promoter and depression.  
Higher SLC6A4 promotor methylation level is linked to a family history of depression, 
altered infant DNA methylation level, subjective stress perception, and decreased 
serotonin transportation. A study that investigated clinical characteristics and severity of 
depression suggested that SLC6A4 methylation status could be a biomarker for clinical 
presentations of depression [89]. CpG hypermethylation at SLC6A4 promoter is 
correlated with decreased SLC6A4 mRNA levels and brain serotonin synthesis. In 
addition, in a longitudinal study of post-stroke depression (PSD) SLC6A4 promoter 
methylation was associated with PSD and aggravation of the depressive symptoms [90]. 
SLC6A4 has 14 exons [91]. In a study, where the methylation of exon I was analysed in 
patients diagnosed with MD, it was suggested to utilize DNA methylation levels for 
specific CpG units of SLC6A4 as a potential biomarker for diagnosis and characterization 
of MD [92].  
Even though the link between SLC6A4 methylation and depression was shown in various 
studies [92], there were studies where no correlation was found between SLC6A4 
methylation and depression [93]. This makes the link between depression and SLC6A4 






1.3 Cell-free DNA as a possible biomarker for different diseases 
 
In the physiological process of apoptosis DNA is released, resulting in circulating cell-
free DNA (cfDNA). Apoptosis occurs during the whole lifetime of an individual and it is 
involved in the immune response, neurodevelopment, and the removing of nerve cells 
that are not functioning normally (in the brain development of a fetus and through the 
lifetime of an adult organism) [94].  
In the plasma of healthy individuals cfDNA is present in small concentration – between 
1 and 10 ng/mL [95]. Raised cfDNA levels are reported in different studies for diseases 
[96–98] where cell death has a pathogenic role and in physiological conditions such as 
pregnancy [99], exercise [100], and infection [101]. cfDNA fragments are ~166 bp in 
length [102]. Increased cfDNA levels are associated with the disease status. Also, an 
association has been made between cfDNA concentration and the prognosis of different 
tumours [103]. 
cfDNA has been detected in blood, urine, cerebrospinal fluid, pleural fluid and saliva 
[103]. The usage of blood cfDNA for genetic testing to replace tissue biopsy is of interest 
to many researchers. Genetic testing using cfDNA has its own challenges: compatibility 
with small amount of nucleic acid and requirement for a highly sensitive detection 
method. The introduction and development of sensitive techniques, like digital PCR 
(dPCR), next-generation sequencing-based technologies and whole-genome sequencing 
[98], allowed accurate identification and absolute quantification of cfDNA fragments 
[104–108]. The half-life of cfDNA in the circulation is between 16 minutes and 2.5 hours. 
The molecule of cfDNA contains the modifications of the genome, such as genetic and 
epigenetic changes. This directs to the importance of the possible diagnostic application 
of cfDNA [103].  
cfDNA isolated from serum differs from the cfDNA isolated from plasma [103]. cfDNA 
isolated from serum has higher concentration when compared to cfDNA isolated from 
plasma. The higher level is related to the clotting process. During clot formation, the DNA 
from peripheral blood mononuclear cells is released into the serum. It is thought that the 
lower concentration of cfDNA in plasma better reflects cfDNA in circulation and the 
disease [109]. Moreover, fragmentation patterns are different in plasma cfDNA and 
cfDNA in urine [110]. This might be associated with the relatively higher nuclease 
activity in urine [111]. The utilization of cfDNA as a tumour biomarker might be possible 
by measurement of its concentration and/or by studying its nucleotide sequence. On top 
of that, size-based diagnostic approaches for cancer might be developed, as a result of the 





In addition, the epigenome is mirrored in the epigenetic modification of cfDNA. cfDNA 
level in the bloodstream might be increased from the cancer cells and the cells in its 
microenvironment and studies have shown that it is possible to get information about the 
cancer gene hypermethylation, the type of cells that increase the level of cfDNA 
fragments, and the microenvironment of the tumour by analysing cfDNA. Epigenetic 
assay tests must be conducted to provide this kind of data [103] such as, shotgun 
massively parallel bisulfite sequencing [113] and genome-wide bisulfite sequencing 
[114] of cfDNA, since the methylation patterns are specific for tissues and cells  [103]. 
However, improvements in the knowledge and understanding of the biological properties 
of cfDNA are of great importance, so utilization of these molecules for different clinical 
applications might become possible [115]. 





2 Aims and hypotheses 
This master thesis aimed to determine the level of DNA methylation in patients diagnosed 
with TRD by using the technology of Next Generation Sequencing (NGS) on blood 
samples. The following genes were of interest: 
- Serotonin transporter (SLC6A4) gene; 
- Brain-derived neurotrophic factor (BDNF); 
- Catechol-O-methyltransferase (COMT) gene. 
Moreover, cfDNA isolation method was expected to be introduced in the laboratory and 
applied to samples taken from patients diagnosed with TRD who were or were not treated 
with TMS. Comparison between cfDNA concentration in patients before and after the 
treatment as a result of cfDNA quantification was the second aim of this master thesis. 
We have assumed that after the TMS treatment the: 
1.  Level of DNA methylation for the candidate genes will be changed; 







3 Materials and methods 
Experiments for the master thesis consisted of two parts: 
• NGS library preparation: 
- DNA isolation from blood, 
- Quantification of DNA, 
- DNA bisulfite conversion, 
- PCR, 
- Agarose gel electrophoresis, 
- Purification of PCR amplicons, 
- Quantification of PCR amplicons, 
- Pooling equimolar ratios, 
- 2nd round of PCR in order to add indexes, 
- Agarose gel electrophoresis, 
- Purification of the 2nd round PCR amplicons, 
- NGS, 
- Bioinformatical and statistical analysis of the results. 
 
• cfDNA isolation and quantification: 
- cfDNA isolation from plasma, 
- cfDNA quality assessment, 
- cfDNA quantification, 
- Statistical analysis of the results. 
 
SUBJECTS 
Subjects participating in the randomized clinical trial were male and female, aged 
between 18 and 70 years. Patients were divided into two separate groups. In the first group 
6 patients diagnosed with TRD who failed at least two anti-depressive treatments were 
recruited (2 male and 4 female subjects aged between 31 and 63 years, mean 47,00; SD 
10.45). This group of subjects underwent the rTMS treatment. The second group 
consisted of 20 patients diagnosed with depression (7 male and 13 female subjects aged 
between 37 and 67 years, mean 53.26; SD 8.31). This group did not undergo rTMS 




Patients were investigates as part of the clinical study project ARRS J3-7320 with 
approval no. KME 0120-692/2015-2, KME 31/12/15 given by the National Medical 
Ethics Committee. Blood samples were taken from the medial cubital vein before and 
after the rTMS treatment. TMS stimulatory protocol was delivered using 10 Hz 
frequency, at 120% of individual patient’s resting motor threshold measured before the 
beginning of the treatment, in cycles of 40 pulses, for a total of 75 cycles with 3000 pulses 
altogether. Together, rTMS treatment included 20 sessions in the timespan of 5 – 6 weeks. 
Each session lasted 40 minutes. The blood samples were collected in the University 
Psychiatric Clinic Ljubljana. 
Approval from the Ethical committee with no. 0120-125/2019/7 was given on 19/03/2019 
for the master’s laboratory work. 
 
3.1 NGS library preparation 
 
3.1.1 DNA isolation from blood 
 
The DNA isolation from blood samples was performed with the QIAmp DNA Mini Kit 
(Qiagen), according to the supplier’s use instructions. 
 
Workflow 
1. We pipetted 20 μL proteinase K (600 mAU/mL solution or 40 mAU/mg protein) in a 
1.5 mL microcentrifuge tubes.  
2. We added 100 μL of each blood sample and 100 μL phosphate-buffered saline (PBS). 
3. We added 200 μL AL buffer and pulse vortexed for 15 seconds. 
4. We incubated the reaction mix for 10 minutes at 56oC. 
5. We briefly centrifuged the microcentrifuge tubes. 
6. We added 200 μL 100% ethanol and pulse vortexed for 15 seconds. 
7. We briefly centrifuged the microcentrifuge tubes. 




9. The microcentrifuge tubes were centrifuged for 1 minute at 6000 g. 
10. We discarded the flow-through and used clean 2 mL collection tubes to position the 
column.  
11. We pipetted 500 μL AW2 buffer into the columns and centrifuged for 3 minutes at 
19,900 g. 
12. We discarded the flow-through and transferred the columns into clean 2 mL 
microcentrifuge tubes with removed cap. 
13. Microcentrifuge tubes were centrifuged for 1 minute at 20,800 g. 
14. We discarded the flow-through and place the columns into clean 1.5 mL 
microcentrifuge tubes with removed cap. 
15. We added 100 μL ultra clean water and incubated for 5 minutes at room temperature. 
16. The microcentrifuge tubes were centrifuge at 6000 g for 1 minute. The flow-through 
was pipetted into clean 1.5 mL RNase DNase free microcentrifuge tubes and the samples 
were stored at -20oC. 
 
3.1.2 Quantification of DNA 
 
The quantification of double-stranded DNA (dsDNA) is possible by using ultra-violet 
(UV) spectrophotometry. DNA quantification is usually made in a cuvette-based 
spectrophotometer with a 1 cm path length vessel in compliance with the Beer-Lambert 
Law [116].  
 
𝐴 = 𝜀𝑙𝑐 
 
Equation 1. Beer-Lambert equation. A is absorbance, ɛ is the extinction coefficient, l is the path length of 
the cuvette, and c is the concentration of the absorbing elements in the solution [116]. 
 
Equation 1 describes the Beer-Lambert law. Usually, for DNA concentration 
measurement, a relative extinction coefficient and a path length of 1 cm are taken. It is 
the usual length of the cuvette where the measurement is performed. Absorbance 




DNA quantification can also be performed in a microplate reader to process more samples 
and use less DNA for the measurement. The path length is not determined by the cuvette 
but by the volume that is measured. This is a micro-volume analysis and there is a 
possibility to vary because there is no fixation of the pathway by a cuvette. For fixation 
of the pathway and no variation special microplates are used for standardization of the 
measurement. These microplates have a path length of 0.5 mm and a calibration method 
is used to normalize the measurement to 1 cm path length. This normalization is made by 
Biotek and imported in the instrument BioTek Synergy H4 Hybrid Microplate Reader 
(BioTek) through the Gen5 software. There are two different calibrations: Blank Average 
and Well-to-Well Blanking. Since the Well-to-Well Blanking calibration has a slightly 
higher accuracy, the following calculations which are automatized by the Gen5 software 
will be further described [117]. 
Step 1. Collection of raw blank absorbance data at 260 nm, 280 nm, and 320 nm; 
Step 2: Collection of raw sample absorbance data at 260 nm, 280 nm, and 320 nm; 
Step 3: Bichromatic results computation of each sample: 
 
𝑎𝑏𝑙𝑎𝑛𝑘 𝑜𝑟 𝑠𝑎𝑚𝑝𝑙𝑒 260 = 𝐴𝑏𝑙𝑎𝑛𝑘 𝑜𝑟 𝑠𝑎𝑚𝑝𝑙𝑒 260 − 𝐴𝑏𝑙𝑎𝑛𝑘 𝑜𝑟 𝑠𝑎𝑚𝑝𝑙𝑒 320 
 
         Equation 2. Compute Bichromatic Results [117]. 
 
Step 4: Compute corrected results for each sample: 
 
𝛼𝑠𝑎𝑚𝑝𝑙𝑒 260.𝑠𝑎𝑚𝑝𝑙𝑒 280 = 𝑎𝑠𝑎𝑚𝑝𝑙𝑒 260,𝑠𝑎𝑚𝑝𝑙𝑒 280 − 𝑎𝑏𝑙𝑎𝑛𝑘 260,𝑏𝑙𝑎𝑛𝑘 280 
 
       Equation 3. Computation of corrected results for each sample at 260 and 280 nm [117]. 
 
Step 5: Computation of the ratio:  
 










Step 6: Step 6 is optional and includes normalizations to 0.5 mm or 1 cm for each sample 
well: 
 
𝑎𝑠𝑎𝑚𝑝𝑙𝑒260 𝑜𝑟 𝑠𝑎𝑚𝑝𝑙𝑒 280
′ =
𝛼𝑠𝑎𝑚𝑝𝑙𝑒 260 𝑜𝑟 𝑠𝑎𝑚𝑝𝑙𝑒 280
𝑃𝑎𝑡ℎ 𝑙𝑒𝑛𝑔ℎ𝑡 𝑠𝑎𝑚𝑝𝑙𝑒 𝑤𝑒𝑙𝑙
∗ 0.5 
 
Equation 5. Normalization of the results to 0.5 mm. If the normalization  
of the results reaches 1 cm, the path length is multiplied with 20 [117]. 
 
Step 7. Computation of the concentration for each sample well: 
 
𝑐𝑠𝑎𝑚𝑝𝑙𝑒 = 𝛼′𝑠𝑎𝑚𝑝𝑙𝑒 260 ∗ 50 ∗ 20 
 
Equation 6. Compute concentration for each sample  
well for 0.5 mm corrected data. If the corrected data  
is for 1 cm, there is no multiplying by 20 [117]. 
 




1. We pipetted 1.5 μL of the samples onto the marked positions of the microplate. 
2.  We pipetted 2 μL of a blank sample (ultra pure water) onto the marked positions of 
the microplate. 
3. The microplate was carefully closed and placed into the BioTek Synergy H4 Hybrid 
Microplate Reader (BioTek) instrument. 








3.1.3 DNA bisulfite conversion 
 
Sodium bisulfite is used to analyse the methylation status of the cytosines in DNA. When 
DNA is treated with sodium bisulfite, a cytosine deamination occurs and cytosine (C) is 
converted into uracil (U). Methylated cytosines are not converted during the bisulfite 
conversion [118]. 
A DNA bisulfite conversion was made following the protocol of the EpiTect DNA 
Bisulfite Kit (Qiagen). 
Each DNA bisulfite conversion is followed by its clean-up. 
 
Workflow 
Bisulfite DNA conversion 
1. We pipetted the corresponding volume of the components, according to Table 1, in 200 
μL PCR tubes. Every component was added as listed in the table.   
 
Table 1. Components of the bisulfite reaction and their volume. 
 
Component Volume per reaction / μL 
DNA solution (500 ng) Variable* (up to 20 μL) 
RNase-free water  Variable** 
Bisulfite Mix* 85 
DNA Protect Buffer 35 
Total volume 140 
*The volume of DNA solution and RNase-free water is combined. Their total volume must not exceed 20 
μL. 
**The bisulfite mix must be dissolved in 800 μL RNase-free water (for each aliquot) followed by vortexing. 
 
2. The bisulfite reactions were mixed thoroughly. DNA Protect Buffer turns from green 
into blue after adding the DNA-Bisulfite Mix, which indicates the correct pH value and 
sufficient mixing of the reaction tubes. 
3. We performed the bisulfite DNA conversion by using a thermal cycler. The thermal 




Table 2. Thermal cycler conditions for the bisulfite conversion. 
 
Step Time / minutes Temperature / oC 
Denaturation 5 95 
Incubation 25 60 
Denaturation 5 95 
Incubation 85 60 
Denaturation 5 95 
Incubation 175 60 
Hold Infinite* 20 
*A converted DNA could be left in the thermal cycle overnight. There would be no loss of performance.  
 
Clean up of the bisulfite-converted DNA 
4. When the bisulfite conversion reaction was over, we briefly centrifuged the PCR tubes 
and transferred the whole mixture into clean 1.5 mL microcentrifuge tubes.  
5. We added 560 μL of buffer BL (containing 10 μg/mL carrier RNA) into each sample. 
We vortexed and briefly centrifuged to remove any remaining of the mixture on the lid.  
6. We transferred each mixture to an EpiTect spin column with a collection tube. 
7. The spin columns were centrifuged for 1 minute at 16,900 g. 
8. We discarded the flow-through, dried the collection tubes by tapping the tubes for three 
times on a clean paper and put them back on the spin columns. 
9. We added 500 μL of Buffer BW and centrifuged for 1 minute at 16,900 g.  
10. We discarded the flow-through, dried the collection tubes by tapping the tubes for 
three times on a clean paper and put them back on the spin columns. 
11. We added 500 μL Buffer BD and incubated for 15 minutes at room temperature. 
12. The spin columns were centrifuged for 1 minute at 16,900 g.  
13. We discarded the flow-through, dried the collection tubes by tapping the tubes for 
three times on a clean paper and put them back on the spin columns. 
14. We added 500 μL Buffer BW and centrifuged for 1 minute at 16,900 g.  
15. We discarded the flow-through, dried the collection tubes by tapping the tubes for 
three times on a clean paper and put them back on the spin columns. 




17. We discarded the flow-through and positioned the spin columns into new 2 mL 
collection tubes.  
18. The collection tubes were centrifuged for 1 minute at 16,900 g. 
19. We discarded the flow-through collection tubes and placed the spin columns into 
clean 1.5 mL microcentrifuge tubes with removed cap. 
20. To dry the columns, we incubated them for 5 minutes at 56oC with open lids in a 
heating block.  
21. We transferred the spinning columns into clean 1.5 mL microcentrifuge tubes with 
removed cap and carefully added 20 μL of Buffer EB onto the middle of the membranes.  
22. The microcentrifuge tubes were centrifuged for 1 minute at 15,000 g. 
23. We added 30 μL of Buffer EB onto the center of the membranes and centrifuged for 
1 minute at 15,000 g. The purified DNA was in the eluate. 
24. We transferred 50 μL of the eluates into clean 1.5 mL microcentrifuge tubes and 




In order to study DNA methylation, PCR-based methods are applied routinely after the 
bisulfite conversion [119, 120]. 
 
Primer design 
Mapping the CpG islands for the genes of interest was performed using the UCSC 
Genome Browser. Amplicon coordinates mapping was according to Humane Genome 
Build 19 (GRCh37/hg19).  
Primer designing was performed with Methyl Primer Express v1.0 (Applied Biosystems, 
Foster City, California, USA).  The minimum length of the found CpG islands was 200 
bp while the maximum length was 2000 bp, with at least 50% of cytosine and guanine 
composition. The length of the designed primers ranges from 15 bp to 22 bp with PCR 




While designing the primers, taken into consideration were: the melting temperature 
(Tm), possibility of intra primer annealing (hairpin-loops formation), possibility of 
heterodimers and homodimers formation (minimal Gibbs free energy, ΔG, at least -9 
kcal/mol), and amplification only of the desired region. 
The parameters used for PCR primer design are shown in Table 3. The names of the 
amplicons and their coordinates in the human genome according to Humane Genome 
Build 19 (GRCh37/hg19) are given in Table 4.  
 
Table 3. Parameters used for PCR primer design. 
 
Component Concentration 
Forward/Reverse primer 0.25 μM 
Na+ 50 mM 
Mg2+ 2.5 mM 
dNTP 0.2 mM 
 
 









COMT_4 chr22: 19950002-19950320 
BDNF_1 chr11:27744260-27744605 
BDNF_2 chr11: 27743702-27743960 
BDNF_3 chr11: 27743454-27743762 
BDNF_4 chr11: 27741988-27742250 
BDNF_5 chr11: 27740916-27741131 
BDNF_6 chr11: 27740607-27740901 
BDNF_7 chr11: 27721638-27721854 
BDNF_8 chr11: 27722466-27722696 
BDNF_9 chr11: 27722209-27722487 
 
The mapping of the genes and researched regions are presented in Figure 1, Figure 2, 
Figure 3, Figure 4, and Figure 5. Visualizing and mapping were made using the UCSC 






Figure 1. CpG islands of SLC6A4 gene and two regions where methylation level of CpG dinucleotides has been 
analyzed. CpG islands are shown in green and numbered with Arabic numbers. The analysed regions are presented 




Figure 2. CpG islands of COMT gene and four regions where methylation level of CpG dinucleotides has been 
analyzed. CpG islands are shown in green. The analysed regions are presented with black squares and their names are 
underlined in red. COMT_1 is found around polymorphism rs4680. COMT_2 is covering the CpG island. COMT_3 is 




Figure 3. CpG islands of BDNF gene and four regions where methylation level of CpG dinucleotides has been analyzed. 
CpG islands are shown in green. The analysed regions are presented with black squares and their names are underlined 
in red.. BDNF_1, BDNF_2 and BDNF_3 are found in CpG 81. BDNF_4 is found in CpG 14. BDNF_5 and BDNF_6 





The sequences and the properties of the primers, sequence of the adaptors (needed for the 
NGS procedure), and the sequences of the amplified regions before and after the bisulfite 
conversion are included in Table 5 and Table 6.  
 
Table 5. Amplicon sequences (before bisulfite conversion) with primers marked in blue. Dinucleotides CG are marked 
in green and single-nucleotide polymorphisms (SNPs) are marked in red. 
 

































































































































































Table 6. Amplicon sequences after bisulfite conversion. Y stands for cytosine in the CpG islands that can be potentially 
methylated. 
 
































































































































































Sequences of the forward and reverse primer for each amplicon, sequence of the NGS 
adapters, the melting and annealing temperature for each primer, and the length of each 







Table 7. Sequences of amplicon’s forward and reverse primer (highlighted in blue), NGS adapter (bolded), melting 
temperature, annealing temperature and amplicon length without adapter. N (highlighted in green) are the bases unable 
to identify. 
Amplicon Forward or 
reverse 
primer 
Primer and adapter sequence 5’ → 3’ Melting 
temperature 


















61.9 54 298 










75.2 52 276 
Reverse  75.2 







75 54 273 
Reverse  77.1 







76.4 54 308 
Reverse  77.1 







77.3 57 223 
Reverse  75.7 







75.9 62 319 
Reverse  76.3 







77.2 55.3 346 
Reverse  76.2 







75.1 55 259 
Reverse  74.5 







76.5 58 309 
Reverse  76 







75.1 55.3 263 
Reverse  75.5 



















74.5 55 295 
Reverse  75.5 







74.6 58 220 
Reverse  76.7 







75.2 54 231 
Reverse  75.6 







76.1 56.7 279 




Since the amplification of each DNA fragment occurs only under defined conditions, an 
optimization of the PCR parameters has been carried out. For the reactions was used 
Eppendorf™ Mastercycler X50s 96-Well Silver Block Thermal Cycler (Eppendorf). The 
details of the PCR programme are given in Table 8. 
 
Table 8. PCR optimization programme for amplification of the chosen regions. 
 
Step Time Temperature / oC 
Initial denaturation 5 minutes 95 
Denaturation 30 seconds 98 
Annealing 15 seconds X* 
Extension 15 seconds 72 
Final extension 1 minute 72 
Hold Infinite 4 
*The annealing temperature is different for every amplified DNA fragment. The details for each amplicon 
and primers annealing temperature are given in Table 7. 
 
Figures 6, 7, and 8 present the schemes of the PCR plates for optimization of amplification 
reactions for each amplicon. The optimization occurred at different annealing 






































Figure 4. Scheme of the PCR plate for optimization of the amplification reaction of SLC6A4_1, COMT_1, COMT_2, 




































Figure 5. Scheme of the PCR plate for optimization of the amplification reaction of COMT_4, SLC6A4_2, BDNF_1, 





































Figure 6. Scheme of the PCR plate for optimization of the amplification reaction of BDNF_5, BDNF_6, BDNF_7, 
BDNF_8, and BDNF_9. The temperature gradient is increasing from left to right of the PCR plate. 
 
 





Table 9. The volume of each PCR component in each well of the PCR plate. 
 
Component Volume in each well / μL 
KAPA HiFi HotStart ReadyMix 
(KAPA Biosystems) 
12.5 
Forward primer 1 μM 5 
Revers primer 1 μM 5 
Ultra pure water 1.25 
Bisulfite-converted DNA 1.25 
Total volume 25 
 
 
3.1.5 Agarose gel electrophoresis 
 
After the PCR optimization and completing PCR for each amplicon, the next step was to 
confirm that during the amplification only one product was amplified with a 
corresponding length. The confirmation was made with agarose gel electrophoresis 
(AGE).  
AGE efficiently separates DNA fragments by size. With AGE it is possible to separate 
DNA fragments with sizes from 100 bp to 25,000 bp. It is a technique that includes 
agarose as a separation matrix. Agarose is a substance that has the potential to gelate when 
it is heated up, and it forms non-covalently bonded polymers forming pores [121]. 
The gel has multiple precast wells in which the DNA sample is loaded. The separation of 
the DNA molecules is based on their size. When placed in an electric field, DNA 
molecules, due to their negative charge, will move to the positively charged anode. The 
size of the DNA molecule, agarose concentration, DNA conformation, applied voltage, 
the electrophoresis buffer, and type of agarose determine the DNA molecule’s migration 
rate. Bands of DNA are visualized by illuminating the gel with UV light after staining the 
DNA molecules using a dye (for example ethidium bromide - EtBr that intercalates 
DNA). Images of electrophoresis gel are captured with charged couple device (CCD) 
camera, an appropriate converter screen, and a filter [122]. 
We have performed AGE with Wide Mini-Sub Cell GT Horizontal Electrophoresis 
System, 15 x 10 cm tray, with PowerPac Basic Power Supply (Bio-Rad).  The gel 
dimensions were 15 x 25 x 1 cm. We visualized the AGE DNA bands with MiniBIS 
(DNR Bio Imaging Systems). 
Since the expected length of each of the PCR amplicons is around 300 bp, 2% agarose 





1. We prepared 2% agarose gel with Tris-borate-EDTA buffer (TBE) according to Table 
10. 
 
Table 10. Components and their quantities for 2% agarose gel preparation. 
 
Component Quantity 
Agarose 6 g 
1x TBE 300 mL 
 
 
2. We weighted and heated the prepared solution in a microwave oven until all the agarose 
was dissolved and the solution was clear. We left the solution at a room temperature for 
a few minutes, in order to cool it down. 
3. We weighted the solution again. If there were any changes in the mass before and after 
microwaving, we added distilled water until the masses (before and after microwaving) 
became equal. 
4. We placed our solution in a turned on fume hood. We added 12 μL of EtBr (10 mg/mL) 
and mixed the solution thoroughly.  
5. We placed and fixed the casting tray and the well combs and make sure that the tray is 
properly sealed around the outsides so the gel does not leak. 
6. We slowly poured the solution into the fixed casting tray. We used a pipette tip to 
remove any bubbles in the solution. 
7. We waited until the gel hardened and was completely solid (around 30 minutes at room 
temperature). 
8. We placed the casting tray in the gel electrophoresis chamber. 
9. The gel electrophoresis chamber was filled with the same buffer used for gel 
preparation (1x TBE buffer). The gel was covered with buffer and we made sure that the 
buffer enters the wells. 
10. We prepared the samples by pipetting 1.5 μL of loading buffer on the front side of a 
parafilm laboratory tap. Then we added 4 μL of each sample and mixed by pipetting. We 




GeneRuler 100 bp DNA Ladder (Thermo Fisher Scientific) mixed with 1.5 μL loading 
buffer and 3.7 μL of ultra clean water. 
11. We connected the power source to the gel box and turned on the power. We run the 
gel on 120 volts and continue running until the visible dye was 75% down than the 
beginning point (20 minutes). 
12. We used UV light to visualize the gel.   
 
3.1.6 Purification of PCR amplicons 
 
After the detection and analysis of the PCR amplicons with AGE, we purified the PCR 
amplicons using Agencourt AMPure XP PCR purification paramagnetic beads (Brea).  
To purify the PCR products, the protocol utilization is based on Beckman Coulter’s solid-
phase reversible immobilization paramagnetic bead technology. DNA fragments larger 
than 100 bp bind to paramagnetic beads selectively. The removal of the remaining 
nucleotides, salts, enzymes and excess primers in the sample is performed with washing 
procedure [123].  
 
Workflow 
1. We thawed the DNA samples and centrifuged the PCR plate for 3 minutes at 3000 g. 
We vortexed the Agencourt AMPure XP bottle with paramagnetic beads to re-suspend 
them and pipetted 16 μL Agencourt AMPure XP into each well of the 96 well plate with 
a round bottom. 
2. We pipetted 20 μL of the samples into the corresponding wells and mixed 12 times by 
pipetting. In this step, DNA fragments were binding to the magnetic beads. The length of 
the DNA fragments (around 350 bp of length) that were binding to the magnetic beads 
was determined by the ratio Volume of Agencourt AMPure XP per reaction: Reaction 
Volume (0.8 : 1). 
3. We incubated the samples for 10 minutes at room temperature. 





5. We discarded the supernatant without removing the beads while the plate was still onto 
the magnetic stand. 
6. We removed the plate from the magnetic stand and added 100 μL of 80% ethanol.  
7. The solution was agitated by tapping the plate for 10 times and then incubated for 1 
minute at room temperature. 
8. We placed the reaction plate onto a magnetic stand and incubated for 1 minute.  
9. We discarded the ethanol while the plate was still onto the magnetic stand. 
10. We removed the plate from the magnetic stand and added 100 μL of 80% ethanol. We 
agitated the solution by tapping the plate 10 times.  
11. We placed the reaction plate onto a magnetic stand and incubated for 1 minute.  
12. We discarded the ethanol while the plate was still onto the magnetic stand. We left 
the plate on the Magnetic stand until the magnetic beads became dry. 
13. We added 30 μL of elution buffer to each well.  
14. We removed the plate from the magnetic stand and mix the plate by tapping until the 
magnetic beads re-suspended.  
15. Before placing the reaction plate onto a magnetic stand, we put the reaction plate 
above the magnetic stand and make few circular movements. We incubated for 2 minutes. 
16. We transferred the supernatant into a clean 96-well PCR plate and store at +4oC, until 
we proceeded to quantification of the PCR amplicons 
 
3.1.7 Quantification of PCR amplicons 
 
Analyses of the DNA samples before and after the purification are necessary. For this 
process, Quant-iT PicoGreen dsDNA Assay Kit (Invitrogen) has been used. 
Measurements were performed using a BioTek Synergy H4 Hybrid Microplate Reader 
(BioTek). 
The most common method for determination of DNA concentration is by measuring the 
absorbance at 260 nm wavelength (see section 3.1.2 Quantification of DNA). Major 
disadvantages of this commonly used method is the insensitivity and the possible 




salts (such as EDTA), RNA, and nucleotides. Furthermore, this method cannot 
differentiate between RNA and DNA. This is why in tests where there is a determination 
of low DNA concentrations and the sensitivity of the test is of a high importance, it is 
recommended to use PicoGreen assay [124]. The PicoGreen assay enables an accurate 
and highly sensitive quantification (detection of dsDNA concentration as low as 25 
pg/mL in the presence of other nucleic acids [125]) because it is based on utilization of a 
fluorescent dye which intercalates only dsDNA [126]. A study has shown that the 
immobilization of PicoGreen occurs mainly because of the formation of intercalation and 
electrostatic interactions with dsDNA molecule. This binding enhances the fluorescence 
of the dye for more than 1000-fold [126]. 
 
Preparing the assay buffer and the Quant-iT PicoGreen reagent 
The buffer used for dilution of Quant-iT PicoGreen reagent and DNA samples is 10 mM 
Tris-HCl, 1 mM EDTA (TE), pH 7.5. This buffer is contained in the Quant-iT PicoGreen 
dsDNA Assay Kits. We diluted the 20x TE and prepared 1x TE solution.  
We dissolved the 200-fold Quant-iT PicoGreen reagent with 1x TE. 
 
DNA standard curve 
DNA standard curve was prepared in a range between 0.25 ng/mL and 7.8 μg/mL. 
We prepared 2 μg/mL stock solution of dsDNA in 1x TE by diluting 50-fold the provided 
DNA standard in the Quant-iT PicoGreen dsDNA Assay Kit.  
1. We diluted 1.2 μL of the DNA standard with 118.8 μL 1x TE in a microcentrifuge tube 
and vortexed for 10 seconds. Then we centrifuged briefly. This was dilution 1. 
2. We transferred 60 μL from dilution 1 into a clean microcentrifuge tube and added 60 
μL 1x TE buffer. We vortexed for 10 seconds and centrifuged briefly. This was dilution 
2. 
3. We transferred 60 μL from dilution 2 into a clean microcentrifuge tube and added 60 
μL 1x TE buffer. We vortexed for 10 seconds and centrifuged briefly. This was dilution 
3. 
4. We transferred 60 μL from dilution 3 into a clean microcentrifuge tube and added 60 





5. We transferred 60 μL from dilution 4 into a clean microcentrifuge tube and added 60 
μL 1x TE buffer. We vortexed for 10 seconds and centrifuged briefly. This was dilution 
5. 
6. We transferred 60 μL from dilution 5 into a clean microcentrifuge tube and added 60 
μL 1x TE buffer. We vortexed for 10 seconds and centrifuged briefly. This was dilution 
6. 
7. We pipetted 50 μL from each dilution into a clean 96-well black polypropylene 
microplate. We pipetted 50 μL of 1x TE buffer into the black polypropylene microplate.  
8. We added 50 μL of the diluted Quant-iT PicoGreen reagent and mixed 4 times by 
pipetting. We incubated for 2 – 5 minutes, protected from light. 
9. We measured the fluorescence of the aliquots by using fluorescence microplate reads 
with standard fluorescein wavelengths (482 nm for excitation, 520 nm for emission) and 
Gen5 data analysis software.  
 
Sample analysis 
1. We pipetted 49.4 μL 1xTE in the sample wells.  
2. We added 0.5 μL of the samples into the wells for sample. 
3. We added 50 μL of the diluted Quant-iT PicoGreen reagent and mixed four times by 
pipetting. We incubated for 2 – 5 minutes, protected from light. 
4. We measured the fluorescence of the samples by using fluorescence microplate reads 
with standard fluorescein wavelengths (482 nm for excitation, 520 nm for emission) and 
Gen5 data analysis software. 
Using the fluorescence values presented in tables 28, 29, and 30 in Appendix I, the mass 
concentrations were calculated by Equation 8 for each amplicon, taking into consideration 







Equation 8. Calculation of mass concentration in ng/μL. We took into consideration the dilution during the workflow 





The equation below was given by Illumina manufacturer and used to calculate the 
molarity of each amplicon.  
 
𝑀𝑜𝑙𝑎𝑟𝑖𝑡𝑦 =  
𝑥 ∗ 106
660 ∗ 𝐴𝑚𝑝𝑙𝑖𝑐𝑜𝑛𝑒 𝑙𝑒𝑛𝑔ℎ𝑡
 
 
Equation 9. Calculation of molarity. x is the value of Equation 8,  the mass concentration in ng/μL. Molarity unit is 
nM. The average molecular weight of a base pair (660 g/mol) is taken into consideration. 
 
Determining the molarity is required for library pooling preparation. With the values for 
molarity it is possible to calculate how much volume is needed of each amplicon in order 
to create sample pools with desired concentration and volume. 
 
3.1.8 Starting pool in equimolar ratios 
 
To amplify indexed amplicons from each person, a starting pool in equimolar ratios has 
to be prepared. 
With the results of the measured concentration from each sample (see section 4.3 
Quantification of PCR amplicons and Appendix I) it is possible to calculate the volume 
required from each sample/amplicon to get a reaction mixture with a 6 nM pool 
concentration and a 100 μL pool volume. With this, each amplicon for one patient has 
been united in one well of the 96-well PCR plate. 
 
3.1.9 Index PCR 
 
Guided by the 16S Metagenomic Sequencing Library Preparation (Illumina) we 
performed PCR to dual index each amplicon from every person and to generate uniquely 
tagged libraries. Dual indexing is possible by adding two unique indices to each 
sample/patient. For this step, we have used Nextera XT Index Kit v2 set D and set A 
(Illumina). Nextera XT Index Kit v2 utilizes two 8 base indices: Index 1 and Index 2. By 





PCR components and their volume are given in Table 11. The index PCR programme is 
given in Table 12. 
 
Table 11. Index PCR components and their volumes. 
 
Component Volume per reaction in each well / μL 
 2x KAPA HiFi HotStart ReadyMix (KAPA 
Biosystems) 
25 
Forward INDEX 5 
Reverse INDEX 5 
Ultra clean water 13 
First PCR cycle product 2 
Total Volume 50 
 
 
Table 12. Index PCR programme. 
 
Step Time Temperature / oC 
Initial denaturation 45 seconds 98 
Denaturation 15 seconds 98 
Annealing 30 seconds 55 
Extension 30 seconds 72 
Final extension 1 minute 72 
Hold Infinite 4 
 
AGE was performed, as already described in section 3.1.5 Agarose electrophoresis, in 
order to confirm that the indexed amplicons for each sample were amplified. 
After AGE confirmation, AMPure XP beads protocol (see section 3.2.6 Purification of 
PCR amplicons) was used to clean up the final library before sequencing.  
All the indexed amplicons from each person/sample were gathered into one 
microcentrifuge with concentration of 40 nM. 
 
3.1.10 Next generation sequecing 
 
With the preparation method adaptors have been added at the ends of the DNA fragments. 




the flow cell. The flow cell is made from lanes and each lane is consisted by two types of 
oligos. The end of the one strand of the DNA fragment is complementary to the one of 
the oligos. This enables hybridization and a polymerase creates a chain that is 
complementary of the DNA fragment that has been hybridized. This is followed by 
denaturation of the amplified molecule and a washing step in which the template strand 
is washed out and its complement remains attached on the flow cell. The other end of the 
DNA strand hybridizes to the other type of oligo on the flow cell. The polymerase 
synthesizes complementary strand and occurs a formation of double stranded bridge. The 
next step is denaturation. This is a repeatable process until all the DNA fragments are 
clonally amplified. The amplification is followed up by a washing step in which the 
reverse strands are removed. The forward strands with blocked 3’ ends are left in the flow 
cell. Extension of the sequencing primers enables the sequencing. With each cycle a 
nucleotide is added and occurs its reading. The reading is possible because each 
nucleotide is marked with a fluorescent dye that has a typical emission after its excitation 
with a light source. When the reading is over, the read product is washed away. This is 
followed by hybridization of index 1 to the DNA fragment template. This generates 
another read, which occurs similarly to the before-mentioned read. Washing step of the 
read product and deprotection of the 3’ end occurs. The strand hybridizes to the other type 
of oligo. The read of the second index is as same as the read of the first index. During the 
analysis, the computer groups all reads with the same index together. This technology is 
known as sequencing by synthesis [127]. 
NGS is a powerful platform that can sequence from thousands to millions of DNA 
molecules simultaneously. NGS revolutionized the fields of medicine, genetic diseases 
and clinical diagnostics [128]. For NGS, the MiniSeq Output Kit (Illumina) has been 
used, which provides reagents for 300 cycles of sequencing and dual indexing support on 
a Mid Output run. The kit contains Mid Output Reagent Cartridge (300 cycles), Flow 
Cell, and Hybridization Buffer. MiniSeq System (Illumina) has been utilized to perform 
this step. 
1. We prepared a new flow cell and placed the flow cell for 30 minutes at room 
temperature after storing it from 2oC to 8oC. We used a new pair of powder-free gloves 
after removing the foil package. We removed the flow cell from the plastic  and cleaned 
the glass flow-cell surface by using lint-free alcohol wipe.    
2. We thawed the reagent cartridge using water bath for 90 minutes at room temperature. 
3. We inverted the cartridge for 5 times to mix the reagents in it and checked if the 
reagents were utterly thawed by checking the bottom of the cartridge. Then we gently 
tapped the cartridge to remove any air bubbles.  





Denaturing and diluting the library 
5. We diluted the library to 1 nM by pipetting 40 μL of the library pool into 
microcentrifuge tube. We added 360 μL of resuspension buffer (RSB). Briefly vortexed 
and centrifuged for 1 minute at 280 g. 
6. The library was denatured by adding 5 μL of the library and 5μL 0.1 N NaOH. The 
microcentrifuge tube was briefly vortexed and centrifuged for 1 minute at 280 g. 
7. The solution was incubated for 5 minutes at room temperature. 
8. We added 5 μL of 200 mM Tris-HCl, pH 7.0. Briefly vortexed and centrifuged for 1 
minute at 280 g. 
9. Dilution of the library was made to loading concentration of 5 pM by adding 985 μL 
of Hybridization Buffer into the denatured library. The total volume of the solution was 
1 mL. The tube was briefly vortexed and centrifuged for 1 minute at 280 g. 
10. We pipetted 130 μL from the diluted library into new microcentrifuge tube and added 
370 μL of pre-chilled Hybridization Buffer. The total volume of the reaction was 500 μL 
with 1.3 pM concentration. We briefly vortexed and centrifuged the reaction tube for 1 
minute at 280 g. 
 
Denaturing and diluting of PhiX Control 
11. We thawed the tube containing PhiX stock with 10 nM concentration. 
12. We pipeted 10 μL PhiX stock with 10 nM concentration into a clean microcentrifuge 
and added 15 μL RSB. The final concentration was 4 nM. We briefly vortexed and pulse 
centrifuged. 
13. The PhiX control was denatured by combining 5 μL of 4 nM PhiX and 0.1 N NaOH 
in a clean microcentrifuge tube, briefly vortexing and pulse centrifuging. We incubated 
the solution for 5 minutes at room temperature. 
14. We pipetted 5 μL 200 mM Tris-HCl, pH 7.0 into the microcentrifuge that contained 
the solution 4 nM PhiX and 0.1 N NaOH. We briefly vortexed and centrifuged at 280 g 
for 1 minute. 
15. The denatured PhiX was diluted to loading concentration by adding 985 μL of pre-




16. We pipetted 45 μL 20 pM PhiX into a clean microcentrifuge tube and added 455 μL 
pre-chilled hybridization buffer. The final loading concentration was 1.8 pM. 
17. We mixed by inverting and centrifuged for 1 minute at 280 g. 
18. We pipetted 5 μL of the denatured and diluted PhiX control into a clean 
microcentrifuge tube and added 500 μL of the denatured and diluted library from step 10.  
 
Loading the library 
19. We used thawed reagent cartridge to load the libraries. We loaded the cartridge and 
the flow cell. We ran the set-up steps and started the sequencing. 
 
3.1.11 Bioinformatical and statistical analysis of the results 
 
We used the Fastq format to analyse the results.  
It is a format that stores the output data of high-throughput sequencing instruments. The 
Fastq approach is used to analyse the quality scores Q, or Phred scores, i.e. the probability 
of incorrectness for the corresponding base call. If P is the error probability, then [129]: 
 
𝑃 = 10−𝑄/10 
 
Equation 7. Determination of Phred scores [129]. 
 
When Q is 30, it means a probability for 1 incorrect base call in 1000 base calls.  
We used the Bismark tool to align the result sequence of the instrument onto the human 
genome.  
The quality information for the sequence was read on a Linux server. 
We performed the statistical analysis using R programming. We used methylKit and 
methylSig packages for calculating the methylation level differences. We made analysis 




- Comparison before and after the rTMS treatment for the patients diagnosed 
with TRD; 
- Comparison of the data for the patients diagnosed with TRD before the rTMS 
treatment and the control group; 
- Comparison of the data for the patients diagnosed with TRD after the rTMS 
treatment and the control group. 
The control group consisted of patients diagnosed with TRD that did not undergo an 
rTMS treatment. q is a measure of significance in terms of the false discovery rate which 
helps to reduce a flood of false positive results. 
 
3.2 cfDNA isolation and quantification 
 
3.2.1 cfDNA isolation from plasma 
 
cfDNA is present in the serum and/or in the plasma with a length shorter than 1000 bp. 
These short fragments must be isolated with efficient purification [130]. 
The isolation of cfDNA for our samples was performed with the QIAmp MinElute 
ccfDNA Mini Kit (Qiagen), which is a quick procedure and includes pre-concentration 
of cfDNA onto magnetic beads and column clean-up with a spinning procedure [130].  
 
Workflow 
1. The plasma sample was centrifuged for 10 minutes at 16,000 g. 
2. In a 15 mL tube we mixed 1 mL of plasma, 30 μL magnetic bead suspension, 55 μL 
Proteinase K, and 150 μL bead binding buffer. The mixture was incubated for 10 minutes 
at room temperature (15oC – 25oC) while shaking it simultaneously on a slow-speed 
rotary shaker. 
3. The tubes were centrifuged for 30 seconds at 200 g to remove any mixture remaining 
from the tube cap. 
4. The tubes were placed onto a magnetic rack for 1 minute. The solution became clear. 




5. We removed the tubes from the magnetic rack and added 200 μL of Bead Elution 
Buffer to the bead pellet. The tubes were vortexed for 1 minute to re-suspend the beads. 
This was done with special attention to guarantee there are no residual beads on the tube 
wall. The mixture was transferred from 15 mL tubes into 2 mL Bead Elution Tubes and 
incubated for 5 minutes on a plate shaker for microcentrifuge tubes at 300 rpm and room 
temperature. 
6. The Bead Elution Tubes were placed on a magnetic rack for 1 minute while the solution 
became clear.  
7. We transferred the supernatants into a 2 mL Bead Elution Tubes and 300 μL of ACB 
buffer was added to each of them and vortexed. The tubes were briefly centrifuged. 
8. We transferred the supernatants into QIAamp UCP MinElute columns and centrifuged 
for 1 minute at 6000 g. The columns were placed into clean 2 mL collection tubes and the 
flow-through was discarded.  
9. To each column 500 μL of ACW2 buffer was added and centrifuged for 1 minute at 
6000 g. The columns were placed into clean 2 mL collection tubes and centrifuged for 3 
minutes at 20,000 g. 
10. We discarded the 2 mL collection tubes and placed the columns into 1.5 mL elution 
tubes and incubated for 3 minutes at 56oC with an open lid on an orbital shaking incubator. 
11. Onto the middle of the membranes 30 μL of ultra pure water was pipetted and it was 
incubated for 5 minutes at room temperature with closed lid. Microcentrifuges were 
centrifuged at 20,000 g for 1 minute, to elute the cfDNA. 
3.2.2 cfDNA quality assessment using bioanalyzer 
 
The electrophoretic assay was based on a chip gel format, which dramatically reduces the 
separation time, sample volume and reagent consumption when compared to traditional 
gel electrophoresis. The system of Agilent 2100 Bioanalyzer (Agilent) provides 
automated sizing in a digital format [131]. 
The chip has wells for samples, gel, and ladder standard. 16-pin electrodes are placed in 
the wells of the chip. The electrodes are connected to a power supply. Because of the 
existing voltage gradient the charged molecules (in our case cfDNA molecules) migrate 
and are separated by size not only because of mass-to-charge ratio but also because of the 
presence of a polymer matrix in the micro-channels of the chip. The molecules of the dye 




induced fluorescence. The result data is given into bands (gel-like images) and peaks 
(electropherograms) [131].  
 
Workflow 
1. An already prepared Gel-Dye Mix (made by pipetting 25 μL of DNA dye concentrate 
into a DNA gel matrix vial and stored at 4oC) was equilibrated to room temperature for 
30 minutes before use. 
2.  Into the marked well on the DNA High Sensitivity chip we pipetted 9 μL of the gel-
dye mix.  
3.  The chip priming station was closed after positioning the plunger at 1 mL. 
4. The plunger was pressed until it was held by the chip. 
5. After 30 seconds, we released the chip. 
6. After 5 seconds, the plunger was slowly pulled back to the 1 mL position. 
7. In an open chip priming station we pipetted 9 μL of the gel-day mix in the wells that 
were marked. 
8. In the sample and ladder wells we pipetted 5 μL of the marker. 
9. In the marked well for DNA ladder, we pipetted 1 μL of the DNA ladder.  
10. In the wells marked for sample we pipetted 1 μL of the samples. 
11. We placed the chip horizontally on the adapter and vortexed for 1 minute at 2400 rpm. 
12. We ran the chip on the Agilent 2100 Bioanalyzer instrument (Agilent). 
 
3.2.3 cfDNA quantification with ddPCR 
 
The difference between ddPCR and other PCR reactions is that each ddPCR reaction, 
which is a mixture of a sample DNA and other reagents, is discretized into many small 
reactions – partitions. The amplification occurs in these partitions. When the 
amplification is finished, it is automatically or manually decided whether the signal is 




negative and the only information needed from ddPCR is the number of positive partitions 
of all partitions. The way the positive partitions are distributed followes by the Poisson 
distribution and it tells us how many molecules of DNA are in a single partition. By 
applying a statistical correction (Poisson distribution) we get an output that is the number 
of target copies of DNA or RNA in the reaction [132]. 
For the purpose of the master thesis, the quantification of cfDNA was made with Bio-Rad 
QX200 droplet digital PCR (Bio-Rad) in the laboratories of LABENA trade, consulting, 
and production of laboratory equipment company, located in Ljubljana. 
 
Workflow 
Bioinformatics tools have been used to verify the primers for cfDNA amplification on a 
target DNA sequence which is usually present just once in the whole genome. The 
specific DNA region does not contain any pseudogenes or known mutations. It is crucial 
to emphasize that the sequence of primers for cfDNA amplification is company’s 
sensitive data and must remain confidential.  
The reaction mix was prepared according to Table 13. 
 
Table 13. Preparation of the reaction mix for ddPCR reaction. 
 
Component Volume per reaction / μL Final concentration 




Forward primer 0.363 148.5 nM 
Reverse primer 0.363 148.5 nM 
H2O 5.874  
cfDNA 4.4 X 
Total volume 22  
 
1. We briefly vortexed and centrifuged the EvaGreen SuperMix and the primers. We 
centrifuged the cfDNA samples for 1 minute, so that the remaining magnetic beads, if 
any, from the isolation method, fall onto the bottom of the microcentrifuge tube. 
2. We pipetted the total volume of the components needed for the reaction, except the 
cfDNA sample (total volume is 17.6 μL; components are EvaGreen Supermix, water and 
primers), into a 1.5 mL microcentrifuge tube. 




4. The microcentrifuge tube with a PCR mixture was briefly vortexed and centrifuged. 
5. The reaction tubes were equilibrated at room temperature for 3 minutes. 
6. We loaded 20 μL of the reaction mixture into the sample wells of DG8 Cartridge for 
QX200/QX100 Droplet Generator and 70 μL of QX200 Droplet Generation Oil for 
EvaGreen into the oil wells. 
7. After the droplet generation, we transferred the 40 μL mixture (PCR mixture with oil) 
into a clean multiwell PCR plate. 
8. We proceeded to thermal cycling according to Table 14 and used a heated lid to 105oC. 
 
Table 14. Cycling conditions for Bio-Rad’s C1000 Touch Thermal Cycler. 
 
Cycling step Temperature / oC Time Ramp rate Number of 
cycles 
Enzyme activation 95 5 minutes  1 
Denaturation 95 30 seconds  40 













5 minutes  1 
Hold (optional) 4 Infinite  1 
 
 
9. After the thermal cycling, we placed the multiwell PCR plate in the QX200 Droplet 
Reader and analysed the samples using the QuantaSoft Software. 
 
Determing cfDNA concentration 
QuantaSoft Software interprets the results as copies of cfDNA per μL of ddPCR reaction. 
To calculate the number of copies per sample, their value is multiplied by the volume of 
DNA eluted from 1 mL plasma (see section 3.2.1). But first, the dilution made with the 





𝑁𝑜 𝑜𝑓 𝐷𝑁𝐴 𝑐𝑜𝑝𝑖𝑒𝑠 𝑝𝑒𝑟 𝜇𝐿 =
𝑁𝑜 𝑜𝑓 𝐷𝑁𝐴 𝑐𝑜𝑝𝑖𝑒𝑠 𝑝𝑒𝑟 𝜇𝐿 ∗ 𝑉𝑜𝑙𝑢𝑚𝑒 𝑜𝑓 𝑡ℎ𝑒 𝑑𝑑𝑃𝐶𝑅 𝑟𝑒𝑎𝑐𝑡𝑖𝑜𝑛
𝑉𝑜𝑙𝑢𝑚𝑒 𝑜𝑓 𝑐𝑓𝐷𝑁𝐴
 
Equation 11. Calculation of No of DNA copies per μL taking into consideration the dilution made during ddPCR. 
 
The number calculated according to Equation 12 corresponds to the number of DNA 
copies in the sample/plasma volume used for analysis. 
 
𝑁𝑜 𝑜𝑓 𝐷𝑁𝐴 𝑐𝑜𝑝𝑖𝑒𝑠 𝑖𝑛 𝑠𝑎𝑚𝑝𝑙𝑒 𝑣𝑜𝑙𝑢𝑚𝑒 = 𝑁𝑜 𝑜𝑓 𝐷𝑁𝐴 𝑐𝑜𝑝𝑖𝑒𝑠 ∗ 𝐸𝑙𝑢𝑡𝑖𝑜𝑛 𝑉𝑜𝑙𝑢𝑚𝑒 
 
Equation 12. Calculation of the number of DNA copies in the sample volume. 
 
The elution volume in cfDNA isolation was 30 μL (see section 3.2.1). The volume of 
plasma samples for cfDNA isolation was 1 mL. To calculate the concentration of DNA 
in ng/μL units the number of DNA copies in the sample volume is multiplied by the 
average weight of a DNA molecule (~3.6 pg). In order to determine the concentration of 
DNA in ng/μL units, the multiplication product is divided by 1000 (Equation 13). 
 
𝑐(𝐷𝑁𝐴) =




Equation 13. Calculation of DNA concentration in ng/μL. 
 
In addition, Student’s T test (paired sample t-test assuming unequal variances) was 
conducted (using the IBM SPSS Statistics 25.0 software) to determinate any significant 





4.1 Preparation of DNA for bisulfite conversion 
 
After DNA isolation, we determined the concentration of DNA spectrophotometrically 
on microplate reader. The DNA purity was determined based on the values of absorbance 
measured at 260 nm and 280 nm wavelength i.e. the spectrophotometric ratio A260/A280. 
A ratio around 1.8 indicates no protein contamination in the DNA isolates [133]. 
Additionally, lower A260/A230 ratio values than 2.0 may indicate contamination with salts 
or solvents [134]. 
We diluted all DNA samples with ultra pure water to 25 ng/μL (500 ng of DNA in 20 μL) 
for the bisulfite conversion.  
Table 15 presents samples, the determined DNA concentration after isolation, absorbance 

















Table 15. Properties of DNA isolated from blood samples. DNA concentration was calculated from A280 values obtained 
on a microplate reader. The ratios of the absorbance at different wavelengths (260 nm/280 nm and 260 nm/230 nm), 
and the calculated volume corresponding to 500 ng DNA are presented in the ultimate three columns. 
 
Sample DNA concentration/ 
ng/μL 
A260/A280 A260/A230 DNA volume for 500 ng 
DNA weight / μL 
102 PRE 35.188 1.853 1.496 14.21 
103 PRE 54.144 1.875 1.264 9.23 
104 PRE 49.33 1.879 1.371 10.14 
106 PRE 37.63 1.836 1.551 13.29 
107 PRE 29.406 2.091 1.410 17.00 
108 PRE 43.141 1.785 1.821 11.59 
102 POST 86.072 1.907 1.931 5.81 
103 POST 68.324 1.842 1.426 7.32 
104 POST 63.187 1.851 1.525 7.91 
106 POST 46.214 1.79 1.668 10.82 
107 POST 64.874 1.912 1.831 7.71 
108 POST 65.93 1.876 2.057 7.58 
CCDD29 112.649 1.868 2.038 4.44 
CCDD28 74.161 1.881 1.436 6.74 
CCDD26 72.746 1.859 1.335 6.87 
CCDD25 106.179 1.828 1.356 4.71 
CCDD24 87.723 1.885 1.980 5.70 
CCDD23 35.6 1.899 1.456 14.04 
CCDD22 44.463 1.857 1.705 11.25 
CCDD21 40.535 1.882 1.473 12.34 
CCDD20 39.596 1.926 1.540 12.96 
CCDD19 57.352 1.857 1.584 8.72 
CCDD18 52.333 2.098 1.406 9.55 
CCDD17 51.941 1.865 1.799 9.63 
CCDD13 51.35 1.901 1.607 9.74 
CCDD12 57.779 1.877 1.774 8.95 
CCDD11 30.537 1.824 1.316 16.37 
CCDD8 65.628 1.853 1.958 7.62 
CCDD7 50.246 1.900 1.683 9.95 
CCDD6 38.839 1.823 1.537 12.87 
CCDD1 37.233 1.922 1.515 13.43 
CCDD30 57.097 1.857 1.753 8.76 
 
4.2 PCR optimization 
 
After DNA isolation, PCR optimization was performed. Figure 7 to Figure 21 show 
results of AGE picture for PCR optimization of each amplicon. Annealing temperatures 
were selected based on specificity and yield of products obtained in these optimization 




Figure 7 presents the PCR optimization for SLC6A4_1 amplicon. The annealing 
temperature was selected at 54oC. At this temperature there were two bands: one at around 
100 bp, presenting the remaining of the primers; and another one at 500 bp presenting the 
amplified region of interest. At this temperature, even though there was primer excess 
(band at around 100 bp), it was noticeable that the band is strong enough to conclude that 
there was not any non-specific amplification, but only amplification of the desired region.  
At position 5, position 6, and position 7 there were bands that were barely visible, 




Figure 7. PCR optimization for amplicon SLC6A4_1. The temperature gradient was from 53.9oC (1) to 65.8oC (11). 
The selected annealing temperature for this amplicon was 54oC (temperature between position 1 and position 2). 
 
For SLC6A4_2 the chosen annealing temperature was 52oC. Excess of primer was 
detectable at each temperature of the gradient (Figure 8). At the selected temperature, 
even though there was primer remaining, the band for the product was strong enough 





Figure 8. PCR optimization for amplicon SLC6A4_2. The temperature gradient was from 49.9oC (1) to 62.2oC (12). 





The selected annealing temperature for COMT_1 amplicon was 54oC (Figure 9). At this 
temperature the amplification product was visible (around 400 bp) and there was primer 
remaining (around 100 bp) but enough amount of the desired product. At each 
temperature there was excess of primers, at positions 3 – 5 there was too low 
concentration of the desired product of amplification, and at positions 6 – 12 there was 




Figure 9. PCR optimization for amplicon COMT_1. The temperature gradient was from 53.9oC (1) to 66.2oC (12). The 
selected annealing temperature for this amplicon was 54oC (temperature between position 1 and position 2). 
 
At the selected annealing temperature for COMT_2 amplicon (54 oC) there was not any 
remaining from the primers, the band was strong enough, suggesting amplification of the 
desired product only (around 500 bp), and none possibility for non-specific amplification 
(as the bands at positions 3 and 4). At positions 5 – 9 there was too low amount of the 





Figure 10. PCR optimization for amplicon COMT_2. The temperature gradient was from 53.9oC (1) to 66.2oC (12). 
The selected annealing temperature for this amplicon was 54oC (temperature between position 1 and position 2). 
 
The optimization for amplification of COMT_3 was made twice. The optimization with 




specific amplification, and no product for some of the temperatures at the gradient (Figure 
11A). In the PCR reaction with 35 PCR cycles (Figure 11B - 1B) there was too strong 
band for the product (possibility for non-specific amplification), while with 33 PCR 
cycles (Figure 11B - 2B) the band was weak which indicated for a PCR reaction with 




Figure 11. PCR optimization for amplicon COMT_3. On the first part of the picture (A) the temperature gradient is 
from 53.9oC (1) to 66.2oC (12), 38 PCR cycles. On the bottom of the picture (B) are presented the bands of amplification 
at 57oC, 33 PCR cycles, and 35 PCR cycles, respectively. 
 
Figure 12 presents the PCR optimization for amplicon COMT_4. At positions 1 – 10 it 
was noticeable non-specific amplification. The selected annealing temperature it is found 
between positions 11 and 12 where the bands were suggesting absence of non-specific 
and efficient amplification of the desired product. At each temperature it was noticeable 




Figure 12. PCR optimization for amplicon COMT_4. The temperature gradient was from 49.9oC (1) to 62.2oC (12). 




The selected annealing temperature for BDNF_1 amplicon was 55.3oC (position 6). At 
this temperature it was noticeable highest amount of the amplified product when 
compared with the amplification at the rest of the annealing temperatures from the 
temperature gradient. Even though at the selected temperature it was noticeable non-
specific amplification, the amount of the amplified product was high enough for further 
analyses. At all the other temperatures from the temperature gradient there was not any 
band suggesting high enough amount of the amplified product and specific amplification. 




Figure 13. PCR optimization for amplicon BDNF_1. The temperature gradient was from 49.9oC (1) to 62.2oC (12). 
The selected annealing temperature for this amplicon was 55.3oC (6). 
 
Figure 14 presents the optimization of BDNF_2 amplicon. The selected annealing 
temperature was 55oC. At this temperature the band for the product was strong enough 
suggesting for efficient and specific amplification. At positions 1 – 4 it was noticeable 
non-specific amplification, while at positions 7 and 8 too low amount of the desired 
product. At positions 9 – 12 there was not visible PCR amplification. Primer remaining 




Figure 14. PCR optimization for amplicon BDNF_2. The temperature gradient was from 49.9oC (1) to 62.2oC (12). 





Figure 15 presents the optimization of BDNF_3 amplicon. The selected annealing 
temperature was 58oC. At this temperature the band for the product was strong enough 
suggesting for efficient amplification with high amount of the amplified product. Even 
though, there was non-specific amplification at this position (8) the band for the product 
was strong enough. At positions 1, 9, 11, and 12 there was no band presenting an 
amplified product.  At positions 2 – 7, and 10, there was non-specific amplification with 
low amount of the desired product. Primer remaining was noticeable for each annealing 




Figure 15. PCR optimization for amplicon BDNF_3. The temperature gradient was from 49.9oC (1) to 62.2oC (12). 
The selected annealing temperature for this amplicon was 58oC (8). 
 
Figure 16 presents the PCR optimization for amplicon BDNF_4. At each annealing 
temperature from the temperature gradient it was noticeable band for the amplified 
product (around 400 bp). At positions 1 – 4 there was too high non-specific amplification. 
At positions 8 – 12 the amount of the amplified region was lower when compared to the 





Figure 16. PCR optimization for amplicon BDNF_4. The temperature gradient was from 49.9oC (1) to 62.2oC (12). 





Figure 17 presents the PCR optimization for amplicon BDNF_5. At each temperature 
from the temperature gradient it was noticeable non-specific amplification, but at the 
selected annealing temperature (54oC) the band for the product (around 300 bp) was 
strong enough, suggesting high amount of the product and efficient proceeding of the 
analysis. At each temperature there was a band from the primer remaining. At positions 




Figure 17. PCR optimization for amplicon BDNF_5. The temperature gradient was from 49.9oC (1) to 62.2oC (12). 
The selected annealing temperature for this amplicon was 54oC (5). 
 
Figure 18 presents the PCR optimization for amplicon BDNF_6. The selected annealing 
temperature was 54oC (position 6), and the band at this position (around 300 bp) 
suggested for efficient and specific amplification. Bands at positions 1 – 5 presented to 
big amount of the amplified product and a possibility for a non-specific amplification, 
while bands at positions 7 and 8 presented low concentration of the amplified product. At 




Figure 18. PCR optimization for amplicon BDNF_6. The temperature gradient was from 49.9oC (1) to 62.2oC (12). 
The selected annealing temperature for this amplicon was 55oC (6). 
 
PCR optimization for amplicon BDNF_7 is presented in Figure 19. The selected 




with high enough concentration. At positions 1 – 7 there was noticed non-specific 





Figure 19. PCR optimization for amplicon BDNF_7. The temperature gradient was from 49.9oC (1) to 62.2oC (12). 
The selected annealing temperature for this amplicon was 58oC (8). 
 
Figure 20 presents the PCR optimization for amplicon BDNF_8. The selected annealing 
temperature was 54oC, where there was no visible non-specific amplification and high 
enough concentration of the amplified product. At the positions 1 – 4 the bands presented 
non-specific amplification. At the positions 6 – 8 the concentration of the product was 
lower than the one of the selected annealing temperature. At positions 9 – 12 there was 




Figure 20. PCR optimization for amplicon BDNF_8. The temperature gradient was from 49.9oC (1) to 62.2oC (12). 
The selected annealing temperature for this amplicon was 54oC (5). 
 
Despite some non-specific amplification visible in lone 7 (Figure 21), the band for the 
product BDNF_9 was strong enough, which indicated for successful proceeding of the 
analysis. At each other annealing temperature from the temperature gradient it was 




the selected annealing temperature. The bands found at around 100 bp for each 




Figure 21. PCR optimization for amplicon BDNF_9. The temperature gradient is from 49.9oC (1) to 62.2oC (12). The 
selected annealing temperature for this amplicon is 56.7oC (7). 
 
4.3 Quantification of PCR amplicons 
 
With PCR optimization and AGE we determined the annealing temperature for each of 
the 15 amplicons and confirmed the amplification of each amplicon. The next step was 
purifying of the PCR product (see section 3.1.6). The purification of PCR amplicons is 
followed by measuring its concentration. The concentration was determined with a 
fluorescent method. Before measuring the fluorescence of every sample, a calibration 




Figure 22. Calibration curve for the PicoGreen assay. Dependence of 
the fluorescence on DNA concentration. On the y-axis are presented 
the fluorescence measurements for each dilution. Note that R2 is 
0.9969, n=-1089.93, and k=196027 (intercept and slope, respectively). 
 
























Fluorescence values measured with the PicoGreen assay, for each sample and amplicon 
are given in Appendix I (Table 28, Table 29, and Table 30). The legend of the samples 
that we measured the fluorescence is given in Table 16. Each sample name consisted from 
a number and suffix “PRE” means the sample was taken before the treatment. Each 
sample name consisted from a number and suffix “POST” means the sample was taken 
after the treatment. Each sample name consisted from the prefix “CCDD” and a number 
denotes for a sample taken from patient diagnosed with depression who did not undergo 
rTMS treatment and we considered as a control sample. The fluorescence, intercept, and 
slope values were used for calculating the concentration of the samples.  
 
Table 16. Position of samples for the measured fluorescence values given in tables 31, 32, and 33 in Appendix I. 
 
Sample’s amplicon 
102 PRE 104 POST CCDD24 CCDD13 
103 PRE 106 POST CCDD23 CCDD12 
104 PRE  107 POST CCDD22 CCDD11 
106 PRE  108 POST CCDD21 CCDD8 
107 PRE CCDD29 CCDD20 CCDD7 
108 PRE CCDD28 CCDD19 CCDD6 
102 POST CCDD26 CCDD18 CCDD1 
103 POST CCDD25 CCDD17 CCDD30 
 
 
In Table 17, Table 18, and Table 19 the calculated values for the molarity of each sample 
and the corresponding amplicon are presented. 
 
Table 17. Calculated values for the molarity of each sample for SLC6A4_1 and SLC6A4_2 amplicons. The 
legend of the samples is given in Table 16. 
 
SLC6A4_1 
Molarity / nM 
SLC6A4_2 
Molarity / nM 
47.270 46.527 63.988 179.099 26.997 5.393 15.620 25.119 
127.478 73.551 46.553 142.167 9.852 10.576 12.949 21.123 
57.839 68.543 68.214 62.550 15.753 5.710 8.509 10.571 
97.544 17.759 32.577 35.142 8.857 7.483 8.381 12.628 
58.146 40.586 34.062 50.871 9.989 5.888 8.060 11.524 
59.817 30.910 32.875 41.851 9.994 6.108 7.295 10.040 
37.244 36.795 25.539 40.824 9.545 5.586 6.434 8.711 




Table 18. Calculated values for the molarity of each sample for COMT_1, COMT_2, COMT_3, and COMT_4 
amplicons. The legend of the samples is given in Table 16. 
 
COMT_1 
Molarity / nM 
COMT_2 
Molarity / nM 
COMT_3 
Molarity / nM 
COMT_4 


















































































































































































































































































Table 19. Calculated values for the molarity of each sample for BDNF_1, BDNF_2, BDNF_3, BDNF_4, BDNF_5, 
BDNF_6, BDNF_7, BDNF_8, and BDNF_9 amplicons. The legend of the samples is given in Table 16. 
 
BDNF_1 
Molarity / nM 
BDNF_2 
Molarity / nM 
BDNF_3 
Molarity / nM 
BDNF_4 

































































































































































































































































Molarity / nM 
BDNF_6  
Molarity / nM 
BDNF_7  
Molarity / nM 
BDNF_8  







































































































































































































































































































































Furthermore, the molarity of each sample was calculated in order to calculate the volumes 
(given in Appendix II) needed for the preparation of the starting pool for NGS. All the 
calculations are described in section 3.1.7. The starting pool was with concentration of 6 
nM and volume of 100 μL. It contained all the amplicons from one person gathered in 
one well. To each gathered sample were added 2 indices during the index PCR (see  3.1.9). 
After the index PCR all the samples were gathered into one microcentrifuge with 
concentration of 40 nM. This final library was further sequenced with NGS technology.   
 
4.4 NGS library pooling 
 
For the preparation of the pool, we have used the molarity of each sample (given in Tables 
17, 18, and 19) and calculated the volume needed to get a 6 nM pool concentration with 
15 amplicons in a total volume of 100 μL, as described in section 3.1.8 Starting pool in 
equimolar ratios. The calculated volume of each amplicon was pipetted into a well 
containing all the amplicons for chosen region. Amplicon volumes were calculated 
according to Equation 10.  
 
𝑉𝑜𝑙𝑢𝑚𝑒 =
𝐹𝑖𝑛𝑎𝑙 𝑝𝑜𝑜𝑙 𝑐𝑜𝑛𝑐𝑒𝑛𝑡𝑟𝑎𝑡𝑖𝑜𝑛 ∗ 𝑇𝑜𝑡𝑎𝑙 𝑣𝑜𝑙𝑢𝑚𝑒
𝑁𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑎𝑚𝑝𝑙𝑖𝑐𝑜𝑛𝑠 ∗ 𝑆𝑎𝑚𝑝𝑙𝑒 𝑚𝑜𝑙𝑎𝑟𝑖𝑡𝑦
 
 
Equation 10. Calculation of the volume in μL needed for the preparation of the NGS library. 
 
Each calculated volume was pipetted into one well of the PCR plate. The volume is given 
in the tables: Table 31, Table 32, and Table 33 in Appendix II. The volume of each library 
pool (sum of all the amplicons for one subject) was filled up to 100 μL with ultra pure 
water. 
 
4.5 Detection of indexed PCR amplicons 
 
After the calculations for DNA concentration and the preparation of each library pool we 
had to index each sample amplicon in order to be able to differentiate them while NGS 




ensure that the indexed PCR amplicons were amplified, AGE was performed as described 
in section 3.1.5 Agarose gel electrophoresis. On the following figure (Figure 23) it is 
notable that there are products after PCR indexing and non-specific amplification (bands 
shorter than 200 bp). This is caused by the presence of different DNA molecules in a 
single well of the PCR plate. Also, the bands for each well are found in a similar position 




Figure 23. AGE of the indexed PCR amplicons. 
 
After the indexed PCR amplicons amplification was confirmed, purification of the 
indexed PCR amplicons was conducted. The purification was confirmed by performing 







Figure 24. AGE of the indexed PCR amplicons after purification. 
 
The AGE of the indexed PCR amplicons after purification (Figure 24) showed that the 
samples are purified from any non-specific amplification. Next, a starting pool was made 
for further NGS analysis (all the amplicons were uniquely gathered as described in section 
3.1.12) 
 
4.6 NGS results 
 
After the purification of the indexed PCR amplicons and AGE confirmation we have 
gathered all the indexed amplicons into one microcentrifuge with final concentration 40 
nM. NGS was performed (as described in section 3.1.12) according to Illumina protocol. 
Statistical comparison was performed using Fastq. Tables 20 - 22 present positions of the 
amplicons on the genome, numbers of CpG dinucleotides in CpG islands, average 
amplicon total methylations, average differential methylations, and the number of C in 
CpG islands with significant difference in the methylation between the compared groups. 
For every comparison a chart is given that shows series of the number of CpG 
dinucleotides in CpG islands that may be potentially methylated and the number of C in 
CpG that have statistically significant difference in the methylation, for each amplicon 










Table 20. Statistical comparison of the methylation level for the patients diagnosed with TRD before the rTMS 
treatment and the control group. 
 






























27744605 (-), 346 
22 4.928795307 3.862005704 1.066789603 7 
BDNF_2 chr11:27743702-
27743960 (-), 259 
10 3.602032885 3.183140479 0.418892406 2 
BDNF_3 chr11:27743454-
27743762 (-), 309 
20 4.314236936 4.464827583 -0.150590647 10 
BDNF_4 chr11:27741988-
27742250 (-), 263 
13 11.39374344 11.42670698 -0.032963541 3 
BDNF_5 chr11:27740916-
27741131 (-), 216 
16 6.132855907 6.129876602 0.002979305 6 
BDNF_6 chr11:27740607-
27740901 (-), 295 
30 6.307755993 6.88274073 -0.574984738 12 
BDNF_7 chr11:27721638-
27721854 (-), 217 
19 2.941501932 2.127495204 0.814006727 13 
BDNF_8 chr11:27722466-
27722696 (-), 231 
13 2.216071818 1.722624822 0.493446996 9 
BDNF_9 chr11:27722209-
27722487 (-), 279 
23 1.702117807 1.323649925 0.378467881 9 
COMT_1 chr22:19951071-
19951343, 273 
14 93.70332934 92.60886874 1.094460595 2 
COMT_2 chr22:19929042-
19929349, 308 
36 1.013099166 0.556702913 0.456396253 21 
COMT_3 chr22:19949996-
19950218, 223 
6 69.13567315 67.91130772 1.224365427 2 
COMT_4 chr22:19950002-
19950320, 319 
13 83.13089087 83.62527489 -0.494384026 3 
SLC6A4_1 chr17:28562753-
28563050 (-), 298 
29 2.24713618 2.013447283 0.233812052 10 
SLC6A4_2 chr17:28563277-
28563552 (-), 276 







Figure 25. Number of CpG dinucleotides in before the rTMS treatment group and control group. The blue series 
presents the number of CpG dinucleotides in a CpG island for a given amplicon, i.e. the Cs that may be potentially 
methylated. The red series presents the number of C in CpG dinucleotides that have q<0.05, or the number of Cs with 
a statistically significant difference in the methylation.  
 
On Figure 25 it is noticeable that BDNF_7, BDNF_8, and SLC6A4_2 are the amplicons 



































































Table 21. A statistical comparison of the methylation level of the patients diagnosed with TRD after the rTMS 
treatment and the control group. 
 





























27744605 (-), 346 
22 3.635836621 3.878950569 -0.243484555 4 
BDNF_2 chr11:27743702-
27743960 (-), 259 
10 3.267362967 2.743901607 0.52346136 1 
BDNF_3 chr11:27743454-
27743762 (-), 309 
20 4.882692908 4.53719325 0.345499658 8 
BDNF_4 chr11:27741988-
27742250 (-), 263 
13 11.58957852 11.43418237 0.155396156 6 
BDNF_5 chr11:27740916-
27741131 (-), 216 
16 6.455865108 6.139470539 0.316394569 7 
BDNF_6 chr11:27740607-
27740901 (-), 295 
30 6.725644322 6.885559076 -0.159914754 10 
BDNF_7 chr11:27721638-
27721854 (-), 217 
19 2.763927072 2.140760011 0.623167062 9 
BDNF_8 chr11:27722466-
27722696 (-), 231 
13 2.403149988 1.735988397 0.667161591 12 
BDNF_9 chr11:27722209-
27722487 (-), 279 
23 1.798051056 1.324608079 0.473442977 11 
COMT_1 chr22:19951071-
19951343, 273 
14 93.9179799 92.65556163 1.262418265 5 
COMT_2 chr22:19929042-
19929349, 308 
36 1.021570269 0.564219904 0.457350365 15 
COMT_3 chr22:19949996-
19950218, 223 
6 67.97124618 67.89464427 0.076601908 2 
COMT_4 chr22:19950002-
19950320, 319 
13 82.88308698 82.90345454 -0.020367561 5 
SLC6A4_1 chr17:28562753-
28563050 (-), 298 
29 2.373367851 2.020706903 0.352660947 12 
SLC6A4_2 chr17:28563277-
28563552 (-), 276 







Figure 26. Number of CpG dinucleotides in after the rTMS treatment group and control group. The blue series presents 
the number of CpG dinucleotides in a CpG island for a given amplicon, i.e. the Cs that may be potentially methylated. 
The red series presents the number of C in CpG dinucleotides that have q<0.05, or the number of Cs with a statistically 
significant difference in the methylation.  
 
It is noticeably (Figure 26) that BDNF_8 and SLC6A4_2 show an almost completely 
difference in the methylated Cs in CpG islands between the two groups. Note that 
BDNF_7 has a decreased difference in the methylated Cs when compared to the 





































































Table 22. A statistical comparison of the methylation level of the patients diagnosed with TRD before and after the 
rTMS treatment. 
 





























27744605 (-), 346 
22 4.864340429 3.584777284 -1.279563144 3 
BDNF_2 chr11:27743702-
27743960 (-), 259 
10 3.13981076 3.48326705 0.34345629 0 
BDNF_3 chr11:27743454-
27743762 (-), 309 
20 3.998033723 4.529650159 0.531616436 7 
BDNF_4 chr11:27741988-
27742250 (-), 263 
13 11.25599967 11.44026021 0.183751972 2 
BDNF_5 chr11:27740916-
27741131 (-), 216 
16 6.503614638 6.85505315 0.351684378 3 
BDNF_6 chr11:27740607-
27740901 (-), 295 
30 6.359899435 6.803220552 0.443321116 4 
BDNF_7 chr11:27721638-
27721854 (-), 217 
19 2.863816714 2.690797947 -0.172708637 2 
BDNF_8 chr11:27722466-
27722696 (-), 231 
13 2.147061435 2.35538716 0.208325725 1 
BDNF_9 chr11:27722209-
27722487 (-), 279 
23 1.702772912 1.810238519 0.107465607 2 
COMT_1 chr22:19951071-
19951343, 273 
14 93.6609619 93.94899055 0.288028655 0 
COMT_2 chr22:19929042-
19929349, 308 
36 0.956515682 0.978753499 0.022314864 1 
COMT_3 chr22:19949996-
19950218, 223 
6 69.14531286 67.95957668 -1.185736177 1 
COMT_4 chr22:19950002-
19950320, 319 
13 83.62527489 83.13089087 -0.494384026 3 
SLC6A4_1 chr17:28562753-
28563050 (-), 298 
29 2.310860958 2.438094016 0.127411785 0 
SLC6A4_2 chr17:28563277-
28563552 (-), 276 







Figure 27. Difference in the number of CpG dinucleotides before the rTMS and after the rTMS treatment. The blue 
series present the number of CpG dinucleotides in a CpG island for a given amplicon, i.e. the Cs that may be potentially 
methylated. The red series present the number of C in CpG dinucleotides that have q<0.05, or the number of Cs with a 
statistically significant difference in the methylation.  
 
Figure 27 shows that there is no statistically significant difference between the methylated 
Cs before and after the TMS treatment of the patients.  
The values of average differential methylation directs us to a conclusion that there is not 
any significant difference for all of the three comparisons. 
 
4.7 Quality assessment of cfDNA 
 
The quality assessment of cfDNA was performed with the 2100 Bioanalyzer instrument. 
This assay was performed on a few samples to confirm that QIAmp MinElute ccfDNA 
Mini Kit successfully isolated cfDNA with the desired length of ~180 bp. Also, the 
absence of the genomic DNA (>10,000 bp) was confirmed, therefore the quality 
assessment was not performed for all the samples. Figure 28 is an electropherogram 
































































Figure 28. High sensitivity DNA assay electropherogram provided by the Agilent 2100 Bioanalyzer. 
 
 
On Figure 28, 3 peaks are spotted: on 176 bp, 181 bp, and 188 bp (peak number 2, 3, and 
4, respectively). This proves an identification of cfDNA with the proper length. The DNA 
ladder is from 35 bp to 10,380 bp. 
 
4.8 Quantification of cfDNA 
 
After the confirmation of cfDNA isolation of plasma with bioanalyzer, the cfDNA 
concentration was determined using ddPCR. Table 23 summarizes the results obtained 
with ddPCR, calculated DNA concentrations, and the event numbers. The quantity 
assessment was performed in the laboratories of LABENA trade, consulting, and 










Table 23. ddPCR results for the isolation of cfDNA. 
 
Sample Number of copies per μL cfDNA concentration / 
ng/mL 
Events 






102 PL POST 3.7 2.00 
103 PL 7.4 4.00 
103 PL POST 11.6 6.26 
104 PL 7.3 3.94 
104 PL POST 3.1 1.67 
106 PL 6.2 3.35 
106 PL POST 10.4 5.62 
107 PL 26.3 14.20 
107 PL POST 30.6 16.52 
108 PL 14.2 7.67 
108 PL POST 5.4 2.92 
 
 
The values for DNA copies per μL given in Table 23 correspond to the number of DNA 
copies in the reaction mixture used for ddPCR. After taking into consideration the dilution 
made during the performance of ddPCR reaction, the concentration of cfDNA for each 
sample was calculated according to Equation 12 given in section 3.2.3. 
To determinate any significant difference in the measured cfDNA in the patients before 
and after the treatment Student’s T test (paired sample t-test assuming unequal variances) 
was performed using the IBM SPSS Statistics 25.0 software. Skewness and kurtosis 
values are 1.56 and 1.53 respectively. These values present the consideration of the 
assumption of normally distributed difference scores as satisfying [135]. These values are 
allowable for running a t-test. The results of the t-test are given in Table 24. 
 
Table 24. t-Test: Paired two sample for means 
 
  Before treatment After treatment 
Mean 6.09 5.83 
Standard deviation 4.30 5.60 
Observations 6 6 
Hypothesized Mean Difference 0 
α 0.05 
df 5 
Probability value 0.846 
t  0.214 
P(T<=t) two-tail 0.840 




If t  < -t critical two-tail or t  > t critical two-tail, the null hypothesis is rejected in our 
case. According to Table 23 we can notice that -0.839 < 0.214 < 0.839 and thus 
confirming the null hypothesis is not rejected. The observed difference between the 
sample means (6.09 before the treatment and 5.83 after the treatment) is not persuasive 
to claim that the average cfDNA concentration between the samples before and after 
rTMS treatment differs significantly. The p-value is 0.846 and thus higher than the α 
value (i.e. 0.05), hence the null hypothesis is confirmed [136]. 
 
4.9 IDS-C and Holmes-Rahe evaluation 
 
Using classical clinical symptom evaluation scales - Clinician Inventory of Depressive 
Symptomology (IDS-C) scores and Holmes-Rahe Social Readjustment Rating Scale 
(SRRS), the psychiatrists at the University Psychiatric Clinic Ljubljana evaluated the 
subjects included in the study.  
IDS-C scores are reliable, in determining the outcomes of the change of medication, 
psychotherapy, and somatic treatments [137]. SRRS is commonly known as Holmes-
Rahe scale and the Holmes-Rahe scores are correlated with determining whether stressful 
events may affect patient’s health in the following years. Holmes-Rahe scores and their 
interpretation [138] are given in the following table, Table 25.  
 
Table 25. General ruler for interpretation of the Holmes-Rahe scores. 
 
Holmes-Rahe score Probability of stress-related disorder 
development in the next two years / % 
≤ 150 30 
≥ 150 to ≥ 299 50  
≥ 300 80  
 
 
The IDS-C evaluation for the control group was made only once, while the evaluation for 
the group of subjects that underwent rTMS treatment was made twice - before and after 
the treatment. The severity of depression of the control group was evaluated by 
psychiatrists from mild to very severe (1 subject was evaluated with mild severity of 
depression, 9 subjects with moderate, 3 subjects with severe, and 4 subjects with very 
severe). Holmes-Rahe evaluation was made only once for all groups of subjects. The IDS-




who did undergo an rTMS treatment are given in Table 26. In Table 27 are presented the 
IDS-C, depression severity, and the Holmes-Rahe score for each subject of the control 
group. For three of the patients from the control group (CCDD28, CCDD29, and 
CCDD30) IDS-C and Holmes-Rahe scores were not given.  
 
Table 26. IDS-C, depression severity, and Holmes-Rahe score evaluation of the subjects who underwent rTMS 



























DTC102 40 Severe 28 Mild 150-300 
DTC103 16 Mild 8 None <150 
DTC104 31 Mild 5 None 150-300 
DTC106 28 Mild 24 Mild <150 
DTC107 26 Mild 15 Mild 150-300 
 DTC108 44 Severe 19 Mild 150-300 




10.09  8.96 
  
 
There is a general decreasing of IDS-C score after the treatment when compared to the 
scores before the treatment. Also, there is decreasing in the severity of the depression. 











Table 27. IDS-C, depression severity, and Holmes-Rahe score evaluation of the subjects who did not undergo rTMS 
treatment (control group), performed by the psychiatrists of University Psychiatric Clinic Ljubljana. 
 




IDS-C mean IDS-C 
standard 
deviation 


















CCDD006 40 Severe <150 
CCDD007 29 Mild >300 
CCDD008 61 Very severe <150 
CCDD011 32 Mild <150 
CCDD012 25 Mild 150-300 
CCDD013 58 Very severe >300 
CCDD017 27 Mild 150-300 
CCDD018 56 Very severe 150-300 
CCDD019 25 Mild 150-300 
CCDD020 29 Mild >300 
CCDD021 54 Very severe 150-300 
CCDD022 20 Mild <150 
CCDD023 31 Mild <150 
CCDD024 42 Severe 150-300 
CCDD025 47 Severe 150-300 
CCDD026 16 Mild 150-300 
CCDD028 / / / 
CCDD029 / / / 





Depression is a common, heterogeneous, often a chronic disorder [1], and one of the most 
disabling mental disorders [1, 5] with as yet not fully explained pathophysiological 
mechanisms [2, 3]. According to the World Health Organization, depression is a leading 
cause of disability, globally affecting over 264 million people [6]. Depression is linked 
with a high possibility of suicide. Even though it is possible to treat depression with 
medications, somatic therapies and psychotherapeutic interventions, the problem of 
awareness remains a barrier for effective care and treatment of depression [10]. 
Depression is a complex disease that affects different brain mood regulating regions, such 
as the amygdala, thalamus, and hippocampus [139]. The discovery of dysfunctionality in 
the left prefrontal cortex in depression [29] led to increased application of brain 
stimulation methods, such as TMS, for depression treatment.  Ever since its first use in 
1985, it is constantly evolving and improving for clinical purposes [140]. rTMS brought 
attention to its utilization as an alternative method for patients with TRD [31]. TRD is 
considered a frequently occurring disorder and noted among half of the patients who are 
treated for depression [16].  
During the clinical study project ARRS J3-7320, blood samples were collected at the 
University Psychiatric Clinic in Ljubljana from patients diagnosed with TRD. Blood 
samples were taken before and after the TMS treatment. In the study also participated 
subjects with depression who did not undergo rTMS treatment and whose blood sample 
was taken only once. After the written informed consent, the subjects were clinically 
examined by psychiatrics in order to confirm the extent of depression and presence of 
TRD in each individual patient. Excluding criterion, the comorbidity of diseases that 
affect the brain functions was taken into consideration. 
Twin, family and adoption studies have shown that among the risk factors causing MDD 
is genetics [47]. SLC6A4, COMT, and BDNF genes and their epigenetic modifications are 
found among the contributors to the genetics and epigenetics of depression development.  
Some studies have underlined the role of BDNF in PSD [141] and MD [142] and have 
supported association between BDNF gene methylation status and drug development 
targeting, or the regulation of BDNF promoter methylation, since the methylation patterns 
of BDNF might be used as a biomarker for diagnosing depression. The link between 
depression and DNA methylation of BDNF was supported [73], while the association 
between SLC6A4 and depression was conflicting [76, 92, 93]. Findings are inconsistent. 
In order to use DNA methylation as diagnostic predictive, more longitudinal studies are 
needed in both, animals and patients [76]. Research in  COMT SNPs [82], polymorphism 
[79, 82], and methylation [84–86] in different psychiatric disorders has shown a 




there is no data in the literature that correlates COMT methylation level with TRD and 
depression in general. Such contradictions between studies may be a result of different 
investigational methods, differences in the cohorts or the number of patients included. 
We determined the methylation level of the candidate genes through bisulfite conversion 
and NGS. The bisulfite treatment of DNA converts the C into U. This conversion does 
not affect methylated C residues. C to U conversion causes specific changes in the DNA 
sequence. Bisulfite conversion was followed by PCR and magnetic-bead based 
purification to evaluate the methylation level. First, we isolated DNA with the QIAmp 
DNA Mini Kit and quantified it with the BioTek Synergy H4 Hybrid Microplate Reader 
it was confirmed that the isolated DNA was not contaminated with proteins, salts or 
solvents, according to the ratios of absorbance at different wavelengths. After bisulfite 
conversion we performed PCR optimization of the PCR conditions (especially the 
annealing temperature for each of the amplicons). Each amplicon was amplified, AGE-
detected, purified, and its concentration was determined. Then, NGS library pooling was 
performed, followed by NGS protocol and statistical data analysis.  
By applying the statistical tools for examination of the methylation level and considering 
q<0.05 we concluded that there is no statistically significant difference in the number of 
methylated Cs in the CpG islands for the three comparisons that we made: comparison 
between the control group and the group of patients before the rTMS treatment, 
comparison between the control group and the group of patients after the rTMS treatment, 
and the comparison before and after the rTMS treatment. The control group consisted of 
patients diagnosed with TRD but who have not undergone the rTMS treatment. Even 
though about half of the Cs in CpG 95 islands of BDNF (BDNF_7, BDNF_8) and CpG 
island of SLC6A4 (SLC6A4_2) are methylated while comparing the group of patients 
before TMS treatment with the control group, we have not detected a significant 
difference in the number of methylated Cs in CpG islands for any of the three 
comparisons. Overall, the average amplicon total methylation does not markedly differ 
between the cohorts. 
Furthermore, we have used plasma samples to isolate cfDNA, which is present in low 
concentration in the bloodstream (between 1 and 10 ng/mL) of healthy individuals [95]. 
It was proven that during different physiological conditions [99], exercise [100] and some 
diseases, such as cancer [96, 97] and schizophrenia [143], levels of cfDNA in the 
bloodstream are higher than the usual. Although cfDNA is considered as a future 
biomarker for detection, diagnosis, and monitoring of different diseases [103], there is no 
data in the literature that links cfDNA with depression. A quality and quantity assessment 
of cfDNA with 2100 Bioanalyzer and ddPCR, respectively, has been made. By 
application of the Student’s t-test it is possible to determine whether there is any 




We confirmed the cfDNA isolation using 2100 Bioanalyzer. The peaks from the 
electropherogram correspond to ~180 bp, suggesting that it is not genomic DNA we have 
isolated, but shorter DNA fragments. We performed the quantification of cfDNA using 
ddPCR. Afterwards, t-test was ran to evaluate the difference in cfDNA concentration 
before and after the rTMS treatment for patients diagnosed with TRD. The observed 
difference between the sample means (6.09 and 5.83) is not persuasive enough to claim 
that the average cfDNA concentration between samples before and after the rTMS 
treatment differs significantly [144], while the p-value is not low enough to report the 
data as valid [144].  
In addition, we took into account the IDS-C, Holmes-Rahe, and the depression severity 
evaluations, performed by psychiatrists at the University Psychiatric Clinic Ljubljana. 
The overall IDS-C score for the subjects before rTMS treatment was 30.83, after rTMS 
treatment 16.50, and for the subjects who did not undergo rTMS treatment 36.53. The 
IDS-C mean score of the control group is closest to the IDS-C mean score of the group 
of subjects before the rTMS treatment. When compared, the IDS-C mean score is lower 
after the treatment than before the treatment – meaning overall decreased severity of 
depression. Holmes-Rahe score is not easy to perform, since the reaction to stress and 
capability to manage with it differ individually between subjects [138]. Hence the results 
of methylation assessment did not show any significant difference between the reviewed 
groups (and the p-value from the t-test being too high [144]), it is not possible to report 
correlation between IDS-C/Holmes-Rahe evaluation and the methylation status of the 
examined genes, nor are there differences in cfDNA levels in the bloodstream of the 
subjects.  
Possible obstacles to success of our study may have been the low number of subjects, the 
retrospective aspect of the study, and the different age and gender of the subjects included 
in the study. To add, no observed difference in DNA methylation rate might be a result 
of the short timespan between the two blood draws. For example, a study that measured 
the methylation level in the promoter of SLC6A4 after 12-week treatment with 
antidepressants failed to correlate the methylation status with the treatment responses 
[89]. Such results are only preliminary and larger, well-defined cohorts are needed to 
dissect these kinds of results even further. Researchers in University Psychiatric Clinic 
Ljubljana recruited subjects with unipolar depression, without psychotic symptoms, who 
have failed at least two adequate antidepressant treatments. Subjects having a lifetime 
psychiatric history of psychotic disorders, substance abuse/dependence, personality 
and/or neurological disorders, major systemic illness, brain injuries and/or surgeries, 







The first aim of the master thesis was to determine the level of DNA methylation for three 
candidate genes: SLC6A4, BDNF, and COMT, in patients diagnosed with treatment-
resistant depression. The patients underwent an rTMS treatment and blood samples were 
collected before and after treatment. Three different comparisons of the methylation level 
have been made: 
- Samples taken from the subjects before rTMS treatment and the control group; 
- Samples taken from the subjects after rTMS treatment and the control group; 
- Samples taken from the subjects before and after rTMS treatment. 
We analysed the difference in the number of methylated Cs in the CpG islands and the 
average amplicon total methylation and it has been concluded that the methylation 
profiles between the cohorts do not differ significantly. 
In addition, cfDNA isolation from plasma samples taken from patients diagnosed with 
TRD before and after the rTMS treatment has been performed. The isolated cfDNA was 
quantified and the concentrations were compared before and after the rTMS treatment. 
This was the second aim of the master thesis. By applying the statistical Student’s test, it 
has been concluded that the observed difference between the sample means is not 
conclusive enough to claim that the average cfDNA concentration between the samples 
before and after the rTMS treatments is significantly different. 
To conclude, the hypotheses that the level of DNA methylation of candidate genes will 
be changed and the quantity of cfDNA will be decreased after rTMS treatment cannot be 
confirmed nor rejected since the number of samples was too low. There is a need for 
further research in the field. Studies on larger cohorts should re-examine the preliminary 
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Table 28. Measured PicoGreen values for SLC6A4_1 and SLC6A4_2. 
SLC6A4_1 
Fluorescence / RFU 
SLC6A4_2 
Fluorescence / RFU 
10076 9904 13948 40609 5020 305 2537 4610 
28653 16163 9910 32055 1278 1436 1954 3738 
12524 15003 14927 13615 2566 374 985 1435 
21720 3241 6673 7267 1061 761 957 1884 
12595 8528 7017 10910 1308 413 887 1643 
12982 6287 6742 8821 1309 461 720 1319 
7754 7650 5043 8583 1211 347 532 1029 
10580 6240 11498 8304 4964 198 785 1933 
 
 
Table 29. Measured PicoGreen values for COMT_1, COMT_2, COMT_3, and COMT_4. 
COMT_1 
Fluorescence / RFU 
COMT_2 
Fluorescence / RFU 
COMT_3 
Fluorescence / RFU 
COMT_4 
Fluorescence / RFU 
519 741 389 14 11705 22473 6448 9347 915 638 1106 772 1461 448 802 649 
411 772 364 871 9478 6136 5891 8301 597 656 910 1134 836 469 937 767 
1045 810 501 894 17297 6513 4580 8231 1040 635 771 792 1170 705 424 891 
1069 1228 1537 1657 10242 12925 6846 3880 2621 1215 760 1419 1483 625 297 943 
375 718 701 1251 8664 4516 4316 16595 2923 694 1068 848 337 548 343 479 
1034 477 284 1183 8234 5062 1453 7714 1945 815 430 1233 635 406 817 987 
584 444 1061 477 17739 5773 1981 2730 1356 504 713 1052 1290 226 206 692 












Table 30. Measured PicoGreen values for BDNF_1, BDNF_2, BDNF_3, BDNF_4 BDNF_5, BDNF_6, BDNF_7, 





Fluorescence /  
RFU 
BDNF_3 





5481 354 6220 3425 933 1082 1164 1805 1370 725 741 1464 7148 3714 680 3019 
1203 2038 892 1301 2169 650 764 1767 1263 1031 1237 1048 3794 3834 640 3314 
4391 2537 1127 1508 1619 786 802 1274 2330 853 601 1248 2404 3952 1453 6194 
1139 2979 2636 1460 1591 839 602 2074 1472 752 633 670 2200 2324 1633 3567 
2997 1081 1455 1838 1398 1215 239 1147 482 577 636 876 1410 2048 462 2817 
846 2118 1077 3373 1268 951 782 476 945 621 663 1189 4327 1625 697 3461 
1708 1433 934 1956 1439 562 228 891 711 982 407 1392 3190 1574 626 2696 





Fluorescence /  
RFU 
BDNF_7  
Fluorescence /  
RFU 
BDNF_8  
Fluorescence /  
RFU 
5345 2447 3204 6641 10838 5111 12147 10890 1371 1095 2319 710 1294 959 767 1311 
3509 760 1044 5469 24107 13284 2700 11840 955 1082 613 1374 523 1761 497 957 
3157 3024 1672 1660 13554 14928 4586 7072 2126 1291 685 1282 1606 1546 782 166 
2373 3062 1685 3608 12498 12933 3698 11415 1737 1773 500 1071 2124 1398 800 690 
3136 3955 922 1791 11062 10721 2643 9113 850 1115 738 1064 659 1019 358 1106 
1972 4114 793 1362 6194 4365 6097 5376 958 467 529 837 1276 737 361 825 
3058 2224 1001 1646 5570 8995 4 2670 337 511 225 642 431 598 351 1356 
1994 1328 1042 1589 7671 6499 3729 4807 1175 1064 740 653 182 1264 564 1546 
BDNF_9 
Fluorescence /  
RFU 
1711 12379 2741 9105 
2515 3905 2862 7582 
2496 3166 4474 4363 
1316 3645 2135 4189 
2392 3648 1890 5070 
3723 2193 1218 4097 
2595 2150 1128 3860 





Table 31. The volume needed for the final NGS pool in μL. The legend of the  
samples is given in Table 16. 
 
SLC6A4_1 
Volume / μL 
SLC6A4_2 
Volume / μL 
0.85 0.86 0.63 0.22 1.48 7.42 2.56 1.59 
0.31 0.54 0.86 0.28 4.06 3.78 3.09 1.89 
0.69 0.58 0.59 0.64 2.54 7.01 4.70 3.78 
0.41 2.25 1.23 1.14 4.52 5.35 4.77 3.17 
0.69 0.99 1.17 0.79 4.00 6.79 4.96 3.47 
0.67 1.29 1.22 0.96 4.00 6.55 5.48 3.98 
1.07 1.09 1.57 0.98 4.19 7.16 6.22 4.59 
0.81 1.30 0.75 1.01 1.50 8.16 5.27 3.11 
 
 
Table 32. The volume needed for the final NGS pool in μL. The legend of the samples is given in Table 16. 
 
COMT1_1 
Volume / μL 
COMT_2 
Volume / μL 
COMT_3 
Volume / μL 
COMT_4 
Volume / μL 
5.47 4.81 5.95 7.97 0.76 0.41 1.29 0.93 3.74 4.34 3.42 4.03 4.25 7.52 5.93 6.53 
5.86 4.73 6.05 4.49 0.92 1.34 1.39 1.03 4.45 4.30 3.75 3.37 5.81 7.40 5.49 6.06 
4.12 4.63 5.53 4.43 0.53 1.28 1.71 1.04 3.52 4.35 4.03 3.99 4.86 6.29 7.66 5.63 
4.08 3.80 3.35 3.20 0.86 0.69 1.22 1.95 2.02 3.26 4.06 2.99 4.21 6.63 8.49 5.47 
6.01 4.87 4.91 3.76 0.99 1.73 1.79 0.55 1.87 4.21 3.48 3.87 8.21 6.99 8.17 7.35 
4.14 5.61 6.40 3.87 1.04 1.58 3.82 1.10 2.47 3.94 4.94 3.23 6.59 7.77 5.88 5.34 
5.26 5.74 4.09 5.61 0.52 1.41 3.16 2.54 3.07 4.71 4.16 3.50 4.59 9.04 9.21 6.35 










Table 33. The volume needed for the final NGS pool in μL. The legend of the samples is given in Table 16. 
 
BDNF_1 
Volume / μL 
BDNF_2 
Volume / μL 
BDNF_3 
Volume / μL 
BDNF_4 
Volume / μL 
1.63 7.40 1.46 2.37 4.17 3.88 3.74 2.91 3.96 5.36 5.31 3.81 1.05 1.83 5.41 2.16 
4.66 3.42 5.39 4.47 2.59 4.85 4.55 2.95 4.13 4.59 4.18 4.55 1.80 1.78 5.55 2.01 
1.95 2.95 4.82 4.11 3.11 4.50 4.46 3.57 2.84 5.01 5.75 4.16 2.56 1.74 3.61 1.19 
4.79 2.63 2.87 4.19 3.15 4.37 4.99 2.67 3.80 5.28 5.65 5.53 2.73 2.63 3.35 1.89 
2.61 4.92 4.20 3.65 3.39 3.66 6.35 3.77 6.19 5.84 5.64 4.95 3.68 2.88 6.30 2.28 
5.52 3.33 4.93 2.39 3.58 4.13 4.51 5.39 4.78 5.69 5.55 4.27 1.62 3.36 5.35 1.94 
3.82 4.24 5.28 3.51 3.34 5.11 6.40 4.26 5.40 4.70 6.50 3.92 2.07 3.43 5.61 2.35 
7.38 3.22 5.56 4.56 2.60 4.68 5.82 5.59 4.66 5.75 6.53 5.60 0.70 3.11 3.44 2.16 
BDNF_5  
Volume / μL 
BDNF_6  
Volume / μL 
BDNF_7  
Volume / μL 
BDNF_8  
Volume / μL 
1.14 2.07 1.71 0.95 0.79 1.51 0.71 0.78 3.02 3.40 2.18 4.13 3.50 4.14 4.63 3.47 
1.59 3.96 3.43 1.12 0.37 0.65 2.47 0.72 3.63 3.42 4.36 3.01 5.44 2.88 5.54 4.15 
1.72 1.78 2.65 2.66 0.64 0.58 1.65 1.15 2.31 3.12 4.18 3.13 3.06 3.14 4.59 7.31 
2.11 1.76 2.64 1.56 0.69 0.67 1.96 0.75 2.63 2.59 4.67 3.44 2.53 3.34 4.54 4.86 
1.73 1.45 3.64 2.54 0.77 0.79 2.51 0.92 3.83 3.37 4.06 3.45 4.95 4.01 6.17 3.83 
2.39 1.41 3.89 2.99 1.29 1.72 1.30 1.45 3.63 4.77 4.59 3.85 3.53 4.71 6.15 4.47 
1.77 2.21 3.50 2.68 1.41 0.93 8.56 2.49 5.20 4.64 5.65 4.29 5.82 5.16 6.20 3.40 
2.37 3.03 3.43 2.73 1.07 1.23 1.94 1.59 3.28 3.45 4.06 4.26 7.20 3.55 5.28 3.14 
BDNF_9 
Volume / μL 
3.45 0.67 2.47 0.89 
2.63 1.86 2.39 1.05 
2.64 2.21 1.67 1.70 
4.07 1.97 2.96 1.76 
2.73 1.97 3.23 1.50 
1.94 2.91 4.26 1.79 
2.57 2.95 4.45 1.88 
3.72 2.55 2.29 4.48 
 
